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By  Arthur  J.  Collier. 


rNTRODUCTlON. 

Need  of  investigation. — Both  the  Carboniferous  and  the  Tertiary 
rocks  of  Arkansas  contain  extensive  deposits  of  coal,  but  only  those 
of  the  older  system  in  a  field  situated  within  the  valley  of  Arkansas 
River  and  adjacent  to  the  western^  boundary  of  the  State,  have  been 
exploited  and  are  known  to  the  trade.  These  coals  have  always 
borne  a  high  reputation,  but  the  demand  for  them  has  greatly 
increased  in  recent  years.  They  grade  from  bituminous  to  semi- 
anthracite,  and  comparative  experiments  at  the  Geological  Survey's 
fuel-testing  plant  have  shown  that  coals  of  as  good  quality  are  not 
found  elsewhere  in  the  United  States  west  of  West  Virginia.**  New 
uses  for  them  have  been  found  which  indicate  their  importance  in 
the  commercial  development  of  the  Middle  West.  At  the  same 
time  mining  operations  within  the  field  have  demonstrated  that 
its  structure  is  more  complex  and  the  known  areas  of  workable  coal 
more  limited  than  the  results  of  earlier  surveys  would  indicate. 

For  these  reasons  a  number  of  operators  and  dealers  in  Arkansas 
coal  called  on  the  United  States  Geological  Survey  for  more  definite 
information  regarding  the  extent  and  geologic  structure  of  these  coal 
beds,  and  in  compliance  with  this  demand  a  detailed  reconnaissance 
investigation  of  the  field  was  made  from  March  1  to  August  1,  1906, 
the  results  of  which  are  embodied  in  this  report. 

Personnel, — In  both  the  field  and  the  office  the  writer  was  eflB- 
ciently  assisted  by  Mr.  Carl  D.  Smith,  who  was  already  familiar 
with  the  problems  involved,  through  his  previous  connection  with 
the  survey  of  adjacent  coal  fields  in  Indian  Territory,  and  who  was 
identified  with  this  investigation  throughout  both  the  field  and  the 
office  work;  by  Mr.  Sidney  Paige,  who  participated  in  the  field  work 
during  the  first  two  months  of  the  season,  before  his  departure 
for  Alaska,  and  after  his  return  assisted  in  preparing  some  of  the 
maps;  and  by  Mr.   R.   D.   Mesler,   who  brought   to   this  work  an 

«  Campbell,  M.  R.,  Classification  of  coals,  in  Report  on  the  operations  of  the  coal-testing  plant,  lfl04: 
Prot  Paper  U.  S.  Geol.  Survey  No.  48, 1906,  pp.  156-173. 
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experience  gained  in  adjacent  regions  north  and  west,  and  remained 
with  the  party  through  two  months  of  the  field  season.  Much  of 
the  accuracy  of  this  report  is  due  to  the  faithful  work  of  these  geologists. 

Mr.  M.  R.  Campbell,  geologist  in  charge  of  economic  geology  of 
fuels,  spent  two  weeks  with  the  party  in  the  field,  making  many 
valuable  suggestions  and  directing  the  course  of  the  work.  Prof. 
A.  H.  Purdue,  of  the  University  of  Arkansas,  author  of  the  Winslow 
folio,  also  visited  the  party  while  in  the  northwestern  part  of  the 
field  and  contributed  valuable  information  regarding  the  details  of 
the  structure  there,  as  indicated  by  his  interpretation  of  the  geology 
of  the  Winslow  quadrangle." 

Itinerary. — The  field  party  began  work  early  in  March,  1906,  at 
Midland,  Ark.,  and,  after  carrying  the  investigation  eastward  along 
the  southern  boundary  of  the  coal  field  to  its  eastern  extremity  near 
Dardanelle,  turned  westward  along  the  northern  boundary  and  com- 
pleted the  greater  part  of  the  field  work  by  the  last  of  June.  Mr. 
Smith,  however,  with  a  smaller  outfit,  remained  in  the  field  until 
the  last  of  July,  reviewing  many  doubtful  points  regarding  which 
the  interpretation  had  not  been  fully  settled  during  the  first  exami- 
nation. Although  the  underground  workings  of  many  of  the  mines 
were  examined  and  the  coal  from  them  was  sampled,  investigations 
of  that  character  were  prevented  during  the  latter  part  of  the  season 
by  a  general  strike  among  the  miners.  All  the  mines  were  shut 
down,  and  the  fans  and  often  the  pumps  were  stopped,  making  the 
workings  inaccessible. 

Acknowledgments. — In  the  course  of  this  investigation  full  use  has 
been  made  of  the  maps  and  reports  concerning  the  region  that  have 
previously  been  issued  by  various  geological  organizations.  The 
most  complete  report  on  this  field  was  made  by  the  Geological  Survey 
of  Arkansas,  under  the  direction  of  Dr.  J.  C.  Branner,  and  published 
in  1888.^  Tliis  report  contains  a  brief  summary  of  the  information 
obtained  by  the  Arkansas  Survey,  and  was  published  in  advance  of  a 
more  complete  description  of  the  field.  Further  information  regard- 
ing the  structure  and  geology  of  this  part  of  Arkansas  was  subse- 
quently published  by  Winslow.^  Unfortunately,  the  final  report 
of  the  Arkansas  Survey  on  the  coal  field  has  never  been  published, 
and  the  manuscripts  were  not  available.  A  very  large  and  important 
part  of  the  work  of  the  State  Survey  in  this  region  consisted  in  the 
preparation  of  detailed  topographic  maps  on  a  scale  of  1  mile  to  the 
inch,  with  contour  intervals  of  20  feet,  but  like  the  final  coal  report 
these  maps  were  never  issued  to  the  public,  though  the  plates  were 

a  Purdue,  A.  II.,  Description  of  the  Winslow  quadrangle:  Geologic  Atlas  IJ.  S.,  folio  — ,  IJ.  S.  fleol. 
Survey,  1907. 
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partially  engraved  by  the  United  States  Geological  Survey.  A  small 
edition  was  printed  from  the  partially  engraved  plates  and  used  during 
the  season  of  1906  as  a  basis  for  field  mapping,  and,  although  often 
inaccurate  in  topographic  detail  and  generally  deficient  in  culture, 
they  are,  nevertheless,  the  most  useful  maps  of  this  field  yet  prepared 
and  were  of  great  assistance  in  the  geologic  work. 

The  results  obtained  and  the  conclusions  reached  in  this  paper 
have  to  a  considerable  extent  been  made  possible  by  the  careful 
detailed  work  which  has  been  done  by  members  of  the  United  States 
Geological  Survey  in  areas  north  and  west  of  that  under  discussion. 
Acknowledgments  for.  suggestions  and  information  contained  in 
published  reports  and  for  advice  in  the  conduct  of  the  field  work  are 
due  to  Mr.  Joseph  A.  Taff,"who  has  for  many  years  been  identified 
with  the  work  of  the  Survey  in  the  adjacent  coal  fields  of  Indian 
Territory,  and  also  to  Prof.  A.  H.  Purdue,^  whose  detailed  and 
accurate  geologic  map  of  the  Winslow  quadrangle  includes  a  portion 
of  the  northern  part  of  this  field. 

Since  the  disorganization  of  the  State  Survey  developments  within 
the  coal  field  have  been  very  extensive.  Many  new  openings  on  the 
coal  have  been  made  and  much  prospecting  by  drilling  and  other 
means  has  been  done  to  determine  the  extent  of  the  coal  beds.  The 
greater  part  of  the  information  thus  obtained  was  available  and  has 
been  used  in  the  preparation  of  this  report.  In  the  course  of  the 
field  work  many  suggestions  relative  to  the  work  were  received  from 
coal  operators  and  prospectors,  to  whose  cooperation  much  of  the 
value  of  this  report  is  due. 

The  various  companies  and  individuals  to  whom  the  writer  is  more 
especially  indebted  for  such  information  and  assistance  are  as  follows: 
The  Western  Coal  and  Mining  Company  of  St.  Louis,  Mo.,  operating 
in  the  Jenny  Lind  and  Denning  districts,  supplied  the  records  of  over 
100  drill  holes  in  various  parts  of  the  field.  The  Cherokee  Construc- 
tion Company  of  Fort  Smith,  Ark.,  operating  mines  near  Midland 
and  Hartford,  a  company  that  has  done  much  intelligent  prospecting 
in  the  western  part  of  the  field,  permitted  the  examination  of  all 
their  well  records  and  mine  maps.  The  Central  Coal  and  Coke 
Company,  operating  at  Bonanza  and  Huntington,  who  have  accumu- 
lated much  information  regarding  various  parts  of  the  field,  supplied 
copies  of  their  more  important  records.     Mr.  H.  H.  Jackman,  man- 

oTafl,  Joseph  A.,  and  Adams,  George  I.,  Geology  of  the  eastern  Choctaw  coal  field:  Twenty-first 
Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2,  1900,  pp.  259-3n. 

Tafl,  Joseph  A.,  Description  of  the  Coalgate  quadrangle:  Geologic  Atlas  U.  S.,  folio  74,  1901;  also 
Description  of  the  Atoka  quadrangle,  folio  79,  1902,  U.  S.  Geol.  Survey;  The  Southwestern  coal  field: 
Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3, 1902,  pp.  361-413;  maps  of  segregated  coal  lands  in 
Indian  Territory;  U.  S.  Department  of  the  Interior  Circulars  Nos.  1,  2,  3,  4,  5,  and  6, 1904;  Description 
of  the  Tahlequah  quadrangle,  folio  122,  U.  S.  Geol.  Survey,  1905.  (Also  Sallisaw  and  Windingstair 
folios,  in  preparation.) 

t  Purdue,  A.  II.,  Description  of  the  Winslow  quadrangle:  Geriogic  Atlas  U.  S.,  folio  — ,  U.  S.  Geol. 
Survey,  1907. 
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ager  of  the  Spadra  Creek  Coal  Company  of  Spadra,  furnished  records 
of  a  number  of  characteristic  well  sections  in  various  parts  of  the 
field.  Mr.  Harry  Kelly,  president  of  the  Mansfield  Gas  Company  of 
Fort  Smith,  who  has  supervised  the  drilling  of  many  deep  wells  in 
the  rocks  below  the  coal  measures,  kindly  permitted  an  examination 
of  the  records  of  13  typical  wells,  each  over  1,000  feet  deep,  near 
Mansfield  and  Fort  Smith,  and  supplied  data  obtained  from  many 
years  of  intelligent  study  of  local  geology.  Messrs.  Martin  Rafter, 
State  mine  inspector,  of  Coal  Hill;  Henry  Strother,  real  estate 
agent,  of  Fort  Smith;  Fremont  Stokes,  of  Clarksville,  and  many 
others  contributed  material  aid  in  assembling  information  regard- 
ing the  facts  herewith  presented,  and  mine  operators  in  general 
throughout  the  field  very  courteously  granted  access  to  mine  maps 
and  provided  every  facility  possible  for  the  examination  of  the  under- 
ground workings. 

General  conclusions, — It  will  be  shown  in  the  following  pages  that 
the  areas  known  to  contain  workable  coal  are  more  limited  than  is 
generally  supposed,  but  that  several  promising  districts  of  considera- 
ble extent  have  not  yet  been  prospected.  The  complexity  of  the 
geologic  structure  along  the  northern  edge  of  the  field  is  here  indicated 
for  the  first  time,  and  it  is  believed  that  considerable  unnecessary 
expense  in  searching  for  coal  in  unfavorable  localities  may  be  avoided, 
or  if  such  work  is  undertaken  the  chances  of  success  or  failure  may 
be  better  understood  by  use  of  the  information  here  presented. 

GEOGRAPHY. 

Position  and  extent  of  the  coalfield. — The  coal  field  herein  described 
is  situated  in  the  western  part  of  the  State  of  Arkansas,  adjoining  the 
Indian  Territory  line,  from  which  it  extends  eastward  for  75  miles. 
Its  general  geographic  position  is  shown  in  fig.  1 ,  and  its  outline  and 
extent  are  shown  in  fig.  2.  It  is  about  50  miles  wide  at  its  western 
end,  but  the  belt  containing  workable  coal  contracts  sharply  12 
miles  from  the  boundary,  l)eyond  which  its  average  width  is  not 
more  than  20  miles.  The  areas  of  workable  coal  are  more  or  less 
irregularly  distributed  over  the  district  above  described  and  some 
of  them  are  in  detached  basins  not  known  to  be  connected  with  one 
another.  This  irregularity  and  subdivision  of  the  field  is  due  in  part 
to  a  complex  geologic  structure  and  in  part  to  the  peculiarities  and 
local  variations  in  the  coal  beds  themselves,  making  them  unfit  for 
mining  in  some  parts  of  the  field,  although  their  presence  there  is 
well  known.  The  productive  areas  of  the  east  end  of  the  field  are 
north  of  and  those  of  the  west  end  are  south  of  Arkansas  River. 

Since  nearlv  all  the  workable   coal  beds  occur  in   or  above  the 
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overlying  this  horizon.  (See  fig.  2.)  Coal  beds  that  have  be€^ 
prospected  at  only  a  few  locaUties  also  occur  in  some  of  the  lower 
rocks,  and  their  outcrops  are  found  at  considerable  distances  beyotid 
the  limits  of  the  field  as  defined  above.  Most  of  these  are  probably 
not  of  commercial  value  but  some  of  them  may  prove  valuaMe 
locally,  so  that  the  extent  of  the  coal  fields  will  probably  be  increased 
by  future  discoveries. 

Ma^ps  of  the  coal  field, — ^This  region  was  surveyed  and  subdivided 
into  townships  and  sections  of  conventional  size  more  than  fifty 
years  ago,  but  the  maps  made  at  that  time  show  very  few  of  the 


Fio.  1.— liap  showing  geographic  position  and  railroad  connection  of  the  Arkansas  coal  field. 


improvements  now  existing.  The  section  and  townsliip  corners 
established  by  these  surveys  were  marked  by  the  customary  wooden 
posts  and  witness  trees,  but  the  original  monuments  have  long  ago 
rotted  away  or  have  been  replaced  by  later  ones  established  by 
local  surveyors.  At  many  places  old  fences  and  roads,  placed  on 
the  lines  when  they  were  new,  are  the  only  evidences  remaining  to 
indicate  their  positions.  These  surveys  were  made  with  the  needle 
compass,  and  the  lines  thus  established  often  varied  several  degrees 
from  true  meridians  and  parallels.     Nearly  all  the  published  maps 
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of  Arkansas,  however,  are  based  on  them  and  are  sufficiently  accurate 
for  ordinary  piuposes. 

The  topographers  of  the  United  States  Geological  Survey  made  a 
reconnaissance  of  the  field  in  1888,  the  result  of  their  work  being 
topographic  sheets  of  several  thirty-minute  quadrangles  on  a  scale  of 
one-half  inch  to  the  mile.  Unfortunately,  these  maps  were  deficient 
both  in  topographic  detail  and  in  culture,  a  most  notable  defect 
being  the  omission  of  township  and  section  Unes,  which  are  of  the 
utmost  economic  value  in  any  map  to  be  used  by  the  residents  of 
the  district.  When  the  Arkansas  Geological  Survey  undertook  to 
interpret  the  geology  of  the  coal  field  the  existing  maps  were  found 
to  be  inadequate,  and  they  therefore  conducted  a  topographic  sur- 
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Fig.  2.— Outline  map  of  Arkansas  coal  field,  showing  mining  centers,  railroads,  settlements,  etc. 

vey  in  connection  with  their  geologic  work,  using  the  base  presented 
by  the  Land  Office  maps  for  control.  The  topography  was  sketched  - 
by  a  number  of  assistants,  who  retraced  the  section  Unes  and  deter- 
mined elevations  by  aneroid  barometers.  This  work  resulted  in  the 
preparation  of  a  detailed  topographic  map  on  a  scale  of  1  inch  to 
the  mile,  covering  the  whole  of  the  coal  field.  Unfortunately,  the 
State  survey  was  discontumed  before  this  map  was  completed  and 
and  it  has  never  been  published,  though  the  engraving  of  the  plates 
by  the  United  States  Geological  Survey  was  nearly  completed.  In 
many  respects  it  is  the  most  complete  map  of  the  Arkansas  coal  field 
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herewith  presented,  however,  is  based  on  the  United  States  Geological 
Survey  sheets  of  the  region  with  the  addition  of  the  township  and 
section  lines,  the  topography  being  omitted  in  order  to  insure  more 
speedy  publication.  Although  a  contour  map  would  be  more 
desirable  from  a  scientific  point  of  view,  it  is  thought  that  the  map 
as  prepared  will  be  of  nearly  equal  value  to  those  who  are  interested 
in  the  development  of  the  field.  The  geologic  structure  is  complex, 
but  the  scale,  one-half  inch  to  the  mile,  is  sufficiently  large  to  show 
all  that  is  known  or  can  be  teamed  at  present,  except  in  some  small 
areas  where  there  have  been  more  extensive  developments,  the  details 
of  which  are  presented  in  various  text  figures. 

Commercial  relations, — Fort  Smith,  the  center  of  the  coal-mining 
industry,  is  the  principal  town  in  western  Arkansas.  Its  population 
in  1900,  as  determined  by  the  Twelfth  Census,  was  11,587;  its  present 
population  is  about  20,000.  It  is  approximately  250  miles  from 
Kansas  City,  350  miles  from  St.  Louis,  and  400  miles  from  the  Gulf  of 
Mexico,  with  which  it  is  connected  by  the  lines  of  the  St.  Louis  and 
San  Francisco,  the  St.  Louis,  Iron  Mountain  and  Southern,  and  the 
Kansas  City  Southern  railway  systems  (see  fig.  1,  p.  5).  Branch 
lines  and  independent  railroads  of  less  importance,  which  radiate 
from  Fort  Smith  and  afford  transportation  to  the  various  coal-mining 
districts  are  as  follows: 

The  Little  Rock  and  Fort  Smith  branch  of  the  Iron  Mountain 
Railway  extends  through  the  whole  length  of  the  field,  north  of  the 
river,  with  spurs  and  branch  roads  to  the  mines  near  Denning,  Coal 
Hill,  Spadra,  and  Russellville.  South  of  the  river  the  Arkansas 
Central  Railroad  extends  from  Fort  Smith  to  Paris;  a  branch  of  the 
Iron  Mountain  Railway  leads  to  Greenwood,  with  a  spur  to  the 
mines  at  Jenny  Lind;  the  Mansfield  branch  of  the  St.  Louis  and  San 
Francisco  system  affords  transportation  to  the  mines  at  Bonanza, 
Hackett,  Montreal,  and  Huntington  and  connects  with  the  Choctaw 
(Chicago,  Rock  Island  and  Pacific)  line  from  Memphis;  the  Midland 
Valley  Railroad  follows  the  outcrop  of  the  coal  from  Hackett  east 
to  Greenwood  and  thence  south  past  Montreal  and  Midland  to  Hart- 
ford, affording  transportation  to  a  large  number  of  small  mines; 
and  the  extreme  southern  part  of  the  field  is  reached  by  the  Waldron 
branch  of  the  Kansas  City  Southern  Railway. 

With  the  development  of  the  mining  industry  new  railroads  have 
been  projected,  and  during  the  last  season  surveys  were  in  progress 
for  a  Une  connecting  Fort  Smith  with  the  undeveloped  district  near 
Prairie  View,  10  miles  east  of  Paris,  in  Logan  County.  A  railroad  is 
also  in  course  of  construction  from  Dardanelle  southward  across  a  dis- 
trict that  lies  outside  of  the  coal  field  as  at  present  recognized  but 
contains  prospects  of  coal,  some  of  which  will  probably  be  developed 
into  mines. 
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The  coal  field  is  well  supplied  with  wagon  roads,  very  few  of  which 
are  in  good  condition  in  either  winter  or  summer,  though  in  many 
places,  where  they  are  located  along  the  outcrops  of  ridge-making 
sandstones,  the  road  bed  is  firm  but  rough.  Neariy  all  the  roads 
for  a  few  miles  out  of  Fort  Smith  are  macadamized  and  dressed  with 
crushed  chert  from  the  northern  part  of  the  State.  They  are  in  good 
good  condition  the  year  round  and  effectually  demonstrate  the  prac- 
ticability and  value  of  such  improvements.  The  cost  of  such  roads 
is  so  great,  however,  that  it  will  doubtless  be  many  years  before  they 
are  extended  over  the  whole  of  this  field. 

Towns  and  villages, — Outside  of  Fort  Smith  the  important  towns 
are  the  county  seats  and  the  villages  aroimd  the  mines.  The  county 
seats  are  supported  mainly  by  agricultural  trade  and  most  of  them 
present  a  thrifty  and  attractive  appearance.  They  are:  Van  Buren, 
Crawford  County,  population  2,573;  Greenwood,  Sebastian  Coimty, 
population  491;  Ozark,  Franklin  County,  population  848;  Paris, 
Logan  County,  population  836;  Clarksville,  Johnson  Coimty,  popu- 
lation, 1,086;  Russellville,  Pope  County,  population  1,832;  and 
Dardanelle,  Yell  County,  population  1,602.* 

The  more  important  coal-mining  towns  are  Bonanza,  population 
906;  Jenny  Lind,  populaticm  425;  Huntington,  population  1,298; 
Hartford,  population  460;  Coal  Hill,  population  1,341;  Denning, 
population  700;  and  Spadra,  population  260. 

Drainage, — The  coal  field  is  drained  by  Arkansas  River  and  its 
tributaries.  Arkansas  Kiver  is  the  main  waterway  and  extends  through 
the  whole  length  of  the  field.  It  rises  in  the  Rocky  Mountains  about 
400  miles  northwest  of  this  region  and  joins  the  Mississippi  at  the 
•  eastern  boundary  of  the  State,  where  it  carries  a  large  volume  of  water. 
Before  the  building  of  railroads  it  was  the  principal  method  of  trans- 
portation in  tliis  part  of  the  State,  but  it  is  very  little  used  at  present, 
no  steamers  having  been  seen  on  the  river  during  the  last  field  season. 
It  flows  over  a  wide  bed  filled  with  many  sandbars  and  was  probably 
never  navigable  during  extremely  low  stages.  The  river  bed  is 
generally  from  50  to  100  feet  below  the  general  lowland  level  of  the 
region.  Its  banks  are  l)ordered  by  flood  plains,  at  some  places  several 
miles  wide,  that  are  overflowed  every  few  years,  back  of  which  there 
is  in  many  localities  a  low  escarpment  rising  to  the  general  lowland 
plain. 

Most  of  the  tributaries  of  the  Arkansas  that  enter  the  main  stream 
from  the  south  rise  within  the  coal-l)earing  district  and  are  always 
heavily  charged  with  very  fine  sediment.  Poteau  River,  one  of  the 
largest  of  these,  is  the  source  of  water  supply  for  Fort  Smith,  and 
althouffh  the  water  is  said  to  be  wholesome  it  is  never  clear.     This 
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river  rises  south  of  Poteau  Mountain  but  within  a  short  distance 
crosses  the  State  Hne  into  Indian  Territory,  in  which  the  major  part 
of  its  course  is  located.  It  again  reaches  the  State  line  near  its 
mouth,  which  is  in  Arkansas.  The  other  notable  streams  south  of 
the  river  are  Vache  Grasse,  Sixmile,  Hurricane,  and  Shoal  creeks, 
all  of  which  are  sluggish  and  muddy,  like  Poteau  River. 

Nearly  all  the  streams  that  enter  Arkansas  River  from  the  north 
rise  within  the  Boston  Mountain  area  and  are  clear  except  at  times  of 
freshet.  They  carry  larger  volumes  of  water  than  the  streams  enter- 
ing the  river  from  the  south.  The  more  important  northern  tribu- 
taries of  the  Arkansas  within  the  coal  district  are  Lee  Creek,  Frog 
Bayou,  Mulberry  River,  Horsehead,  Spadra,  and  Piney  creeks,  and 
HUnois  Bayou.  None  of  these  tributaries,  except  possibly  a  part  of 
Poteau  River,  can  be  regarded  as  navigable. 

Topographic  provinces, — In  this  region  three  topographic  provinces, 
the  Boston  Mountains,  the  Arkansas  Valley,  and  the  Ouachita  Moim- 
tains,  extending  from  Arkansas  westward  into  Indian  Territory,  are 
recognized  by  geologists. 

The  Boston  Mountains,  which  comprise  the  southern  part  of  the 
Ozark  Mountain  region,  consist  of  broad,  flat-topped  hills  forming  a 
dissected  plateau  whose  highest  point  is  about  2,000  feet  above  the 
sea.**  In  this  region  the  strata  are  approximately  horizontal;  the 
flat-topped  hills  are  capped  by  beds  of  hard  sandstone,  and  the  val- 
leys, which  are  regarded  as  of  comparatively  recent  origin,  are  deep 
and  narrow.  The  southern  edge  of  this  mountain  district  in  Arkansas 
is  marked  in  many  places  by  rather  abrupt  escarpments  that  rise 
from  the  lowlands  of  the  valley  to  the  lower  plateau  levels. 

The  Arkansas  Valley  province,  comprising  a  belt  about  50  miles 
wide,  in  which  the  coal  fields  are  situated,  lies  south  of  the  Boston 
Mountains,  and  is  characterized  by  elevations  averaging  not  more 
than  500  feet  above  the  sea.  Its  more  definite  features  are  a  base- 
level  plain  comprising  a  network  of  broad  alluvial  valleys  sur- 
mounted by  many  ridges  and  flat-topped  hills,  most  of  whose  sum- 
mits blend  in  an  even  sky  line  about  650  to  700  feet  above  the  sea. 
Where  the  strata  are  moderately  inclined  the  topography  is  marked 
by  many  long,  persistent,  even-topped  ridges,  whose  summits  are 
from  50  to  100  feet  above  the  base-level  plain.  A  few  of  the  hills 
take  the  form  of  low,  broad  domes  mantled  with  hard  sandstone,  and 
at  some  places  where  the  rocks  are  nearly  horizontal  there  are  buttes 
whose  summits  reach  from  1,000  to  3,000  feet  above  tide,  and  from 
400  to  2,000  feet  above  the  general  lowland.  Notable  among  eleva- 
tions of  this  character  are  Sugarloaf  and  Poteau  mountains,  near  the 
western  end  of  the  coal  field,  and  Magazine,  Short,  and  Nebo  moun- 

«  Purdue,  A.  H.,  Physiography  of  the  Boston  Mountains,  Arkansas:  Jour.  Oeol.,  vol.  9,  1901,  pp. 
094-701.     Herahey,  O.  H.,  Peneplain  of  the  Ozark  highland:  Am.  Qeologist,  vol.  27, 1901,  pp.  25-4l« 
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tains,  near  its  eastern  end.  Magazine  Mountain,  with  an  elevation  of 
3,000  feet,  is  the  highest  eminence  in  Arkansas.  Potato  Hill,  a  cone- 
shaped  butte  of  this  type,  is  shown  in  PL  II,  A.  All  of  these  features 
are  direct  resultants  of  the  erosion  of  diverse  bed-rock  structures,  the 
long,  narrow  ridges  indicating  moderately  inclined  rocks,  while  the 
buttes  (PI.  II,  A)  indicate  horizontal  rocks  in  synclinal  basins,  and 
the  domes  are  short  anticlines.  As  a  general  rule  the  ridges  are  more 
pronounced  in  the  southern  part  of  the  field,  while  the  topography  of 
the  northern  part  partakes  more  of  the  nature  of  that  found  in  the 
Boston  Mountains. 

The  Ouachita  Mountain  province,  which  lies  south  of  Arkansas 
Valley,  is  characterized  by  many  sharp  ridges,  produced  by  the 
erosion  of  steeply  dipping  beds  striking  approximately  east  and  west.** 
These  ridges  rise  to  a  nearly  uniform  height,  suggesting  an  old  base- 
level  erosion  plain  wliich  has  been  so  unequally  elevated  that  while  it 
is  over  2,000  feet  above  the  sea  at  the  Arkansas-Indian  Territory 
boundary  it  decHnes  to  only  about  500  feet  at  its  eastern  end  near 
Hot  Springs.''  From  this  description  it  will  be  seen  that  Arkansas 
Valley,  in  which  these  coal  fields  lie,  is  situated  between  two  moun- 
tain masses  of  very  distinct  types,  and  that  its  topography  is  to  a 
considerable  extent  intermediate  in  character  between  the  two. 

GKNKRATj   OEOIiOGY. 

STRATIGRAPHY. 
GENERAL   DESCRIPTION    AND    CORRELATION. 

The  Arkansas  field  comprises  the  eastern  end  of  a  large  area  of 
coal  land  wliich  has  its  greatest  extent  in  Indian  Territory.  The 
stratigraphic  relations  of  the  rocks  of  that  part  of  the  field  which 
Hes  in  Indian  Territory  have  already  been  studied  in  detail  and 
mapped  l)y  geologists  of  the  Survey.^  A  part  of  the  northerfl  edge 
of  the  coal  field  in  Arkansas  has  also  been  mapped,  and  the  results 
of  investigations  made  there  have  been  siit)mitted  for  publication.'' 
The  formations  comprising  tlie  stratigraphic  column  in  Arkansas  are 
directly  comparable  to  tliose  of  Indian  Territory,  and  there  is  also  a 
marked  similarity  in  the  general  type*  of  geologic  structure  in  the 
two  districts.     The  various  rock  formations  as  defined  and  named 


aOriswold,  L.  S.,  Ann.  Kept.  Gool.  Survey  Arkansas  for  IsiK),  vol.  3,  1S92,  pp.  195-302. 

6  Ashley,  O.  II.,  r,oolog>'  of  the  Paleozoic  area  of  Arkansas  south  of  the  novaculite  region:  Proc 
Am.  l»hilos.  Soc,  vol.  3r,.  18H7.  pp.  217-31S. 

<•  Tall,  .Joseph  A.,  and  Adams,  (leorge  I.,  Geology  of  the  eastern  Choctaw  coal  field:  Twenty-first 
Ann.  Rcpt.  U.  S.  (leol.  Sun-ey.  pt.  2,  1900.  pp.  259-311. 

Tail,  Joseph  A.,  Coalgate  folio  (No.  74),  1901,  and  Atoka  folio  (No.  79),  1902,  U.  S.  Geol.  Survey;  The 
Southwestern  coal  field,  Twenty-.second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3, 1902,  pp.  361-413;  Maps  of 
scffreeated  coal  lands  in  Indian  Territorv.  V .  S.  Denartnient  of  the  Interior  Circulars  Nos.  1,  2,  3,  4,  5, 
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in  Indian  Territory  will  therefore  be  described  as  they  occur  in 
Arkansas. 

All  the  rocks  herein  described  belong  to  the  middle  Carboniferous 
or  Pennsylvanian  series.  They  present  a  rather  monotonous  sequence 
of  sandstones  and  shales  with  little  contrast  between  individual  beds. 
Except  for  the  coal  beds  themselves  there  are  no  members  that  can 
be  identified  with  certainty  by  lithologic  characters.  Limestone 
beds,  which  are  interspersed  through  the  series  in  other  fields  and  aid 
the  geologist  by  serving  as  horizon  markers,  are  here  almost  totally 
wanting.  Moreover,  there  is  much  local  variation  in  the  character 
of  the  rocks,  and  especially  in  the  sandstone  lenses,  and  correlations 
from  one  part  of  the  field  to  another  that  are  based  on  lithologic 
similarity  alone  are  of  little  value. 

In  the  region  north  of  the  coal  field,  near  Fayetteville,  lower  Car- 
boniferous (Mississippian)  shales,  sandstones,  and  limestones  are 
exposed,  and  farther  south  these  are  overlapped  by  about  1,500  feet 
of  shales  and  sandstones  called  the  Winslow  formation.  The  Wins- 
low  extends  to  the  edge  of  the  coal  field,  and  the  upper  bed  of  this 
formation,  as  described  by  Purdue,  apparently  forms  the  base  of  the 
coal-bearing  rocks  of  Arkansas.  In  Indian  Territory  the  basal  bed 
of  the  coal-bearing  strata  is  a  thick,  often  massive,  sandstone,  named 
for  the  town  of  Hartshome.  This  sandstone  overlies  several  thou- 
sand feet  of  shale,  with  only  occasional  sandstone  beds  interspersed, 
which  has  been  called  the  Atoka  shale  in  the  southern  part  of  the 
coal  field,  but  occupies  a  position  equivalent  to  that  of  the  Winslow 
formation  in  the  northern  part.  It  is  therefore  evident  that  the 
Pennsylvanian  rocks  below  the  coal-bearing  beds  rapidly  increase  in 
thickness  toward  the  south. 

The  coal-bearing  rocks  in  Indian  Territory  comprise  several  thou- 
sand feet  of  sandstone  and  shale,  which  has  been  divided  as  follows: 

Coal-bearing  rocks  in  Indian  Territory. 

Feet. 

Boggy  shale 2, 000 

Savanna  sandstone 1, 000 

McAlester  shale 2, 000 

Hartshorne  sandstone 200 

The  Hartshome  sandstone,  at  the  base  of  the  series,  is  a  thin  but 
very  persistent  formation,  which  has  been  traced  for  150  miles  across 
the  southern  edge  of  the  Indian  Territory  field,  but  has  not  hereto- 
fore been  identified  at  its  northern  edge.  The  McAlester  shale, 
which  overlies  the  Hartshorne  sandstone,  contains  the  Hartshome 
and  McAlester  coals.  A  group  of  massive  sandstones  and  inter- 
bedded  shales,  including  the  Witteville  coal  bed,  make  up  the  Savanna 
formation,  which  is  overlain  by  the  Boggy  shale,  also  including  one 
or  two  coal  beds. 
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The  coal-bearing  rocks  of  Arkansas  were  separated  by  the  Geo- 
logical Survey  of  Arkansas  into  three  divisions,  as  follows:** 

Coal-bearing  rocks  in  Arkansas,  according  to  the  Geological  Survey  of  Arkansas. 

Feet. 
Western  and  upper  division,  including  Huntington  and  other  coal  beds. .  3,  OOOdz 
Intermediate  barren  division,  a  succession  of  shale  and  sandstone  beds  which, 

though  variable  in  magnitude,  have  an  aggregate  thickness  not  less  than.       500 
Eastern  and  lower  division,  including  the  coal  beds  in  Coal  Hill,  Spadra, 
Ouita,  and  Shinn  basins 250d: 

These  divisions  were  not  clearly  defined,  and  the  rocks  below  the 
coal-bearing  formations  were  not  discussed.  The  correlation  of  these 
groups  into  which  the  coal  measures  of  Arkansas  and  Indian  Territory 
have  been  subdivided  by  various  surveys  is  set  forth  in  the  following 
table: 

Stratigraphic  relations  in   the  Arkansas- Indian  Territory  coal  field  as  exhibited  in 
reports  already  published  and  in  the  present  report.  , 


Arkansas    Survey    pre- 
liminary report. 


UpptT  or  woatern  coal- 
waring  division,  3,000 
feet. 


Indian  Territory-south- 
western Arkansas 
coalflelds,J.A.Tafl.«> 


Boggy  shale,  3,000  feet. 


Savanna  sandstone, 
1,200-1,500  feet. 


McAlesUir  shale,  2,000- 
2,500  feet. 


Winslow  folio,  U.  S. 
Oeol.  Survey,  A.  H. 
Purdue. 


Arkansas  coal  field 
Collier  and  others 
(this  report). 


Savanna  fomurtion. 


Paris  shale,  700  feet. 


Fort  Smith  formation, 
400  feet. 


Spadra  shale,350-500  feet. 


Intonnodiato  barron  di- 
vision, 500±  foot. 


Lowor  or  oastom  coal- 
bearing  division,  250+ 
feet. 


llartshorno  sandstone, 
100-200  feet 


Atoka  shale. 2,000-7,000 
feet. 


llartshome    sandstone, 
100-300  feet. 


Winslow       formation, 
1.500  feet. 


Atoka  formation,  1;50(>- 
6,000  feet. 


Lower  Carboniferous  or  ! 
Mississippian  rocks. 


In  the  course  of  the  present  investigation  the  formations  mapped 
in  the  Indian  Territory  coal  field  were  traced  from  the  Arkansas- 
Indian  Territory  boundary  eastward  into  Arkansas  with  a  considerable 
degree  of  success.  The  Hartshome  sandstone  had  already  been 
located  on  the  boundary  line  at  three  localities,  Bonanza,  Hackett, 
and  the  south  slope  of  Poteau  Mountain,^  from  which  points  its  out- 
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jFomLHttDciiLndf 
feet. 


0«neral  character  of  formations. 


rHiLrtf  borne 


HFLfiiriii^^  In  Indian  Territory  this  formation  comprises  three 
KM-l,0(K)v  .  sandstone  members  with  Interbedded  Mhalcs;  only  the 
lower  part  Is  present  In  Arkansas. 


Sandy  shale  with  thin  beds  of  shaly  sandstone, 
coal  bed  about  400  feet  from  top. 


Kort  Hmlth, 


BpnllrA^ 


Sandstone  lnterl)edded  with  shale.  Formation  yields 
building  stones,  flagstones,  and  brick  shale.  Coal  beds 
ai-e  usually  too  thin  for  mining. 


Shale  with  lenses  of  sandstone.    Hartshorne  coal  at  base 
Is  most  Important  bed  in  Arkansas. 


Rartuhortiti. 


!  Typically  massive  sandstone,  but  varying  to  sandy  shale 
111  some  places. 


Atokit. 
Uiiffli-fvuni+r 


Mainly  shale,  but  sandstone  lenses  comprise  from  one- 
tenth  to  one-third  of  the  section.  Coal  beds  in  the 
eastern  part  of  the  field  may  be  thick  enough  in  some 
places  for  mining. 
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continuity  along  the  north  side  of  the  field  is  broken  at  a  number  of 
places  and  its  recognition  here  depended  on  stratigraphic  evidences 
other  than  continuous  exposures.  Nevertheless,  the  formation  has 
'been  identified  with  a  considerable  degree  of  certainty  in  several 
disconnected  areas  within  the  field,  along  its  northern  border,  and  its 
character  over  the  whole  field  is  fairly  well  known. 

The  McAlester  shale  formation  extends  from  Indian  Territory 
into  Arkansas,  where  it  comprises  the  whole  of  the  coal-bearing 
series.  Some  of  the  lower  beds  of  the  Savanna  formation  are  prob- 
ably also  present  in  Arkansas,  though  it  has  not  been  possible  to 
identify  them  with  certainty  at  any  point. 

The  McAlester  formation  as  represented  in  Arkansas  contains  a 
group  of  sandstone  beds  near  its  middle  portion.  These  were  traced 
over  a  large  part  of  the  field  and  their  stratigraphic  position  deter- 
mined. On  the  geologic  map  herewith  presented  this  group  of  sand- 
stones is  differentiated  from  the  more  shaly  parts  of  the  McAlester 
formation,  subdividing  it  into  three  members  called  Spadra  shale, 
Fort  Smith  formation,  and  Paris  shale,  which  can  be  recognized 
throughout  the  field.  The  economic  value  of  such  a  subdivision  will 
not  fail  to  be  appreciated,  since  the  boundaries  of  the  formations 
mapped  will  serve  as  contour  lines  indicating  approximately  the 
depth  of  the  Hartshome  coal  horizon. 

The  rocks  that  underUe  the  Hartshome  formation  in  Arkansas  have 
received  Uttle  attention.  They  comprise  a  succession  of  shale  and  sand- 
stone known  to  exceed  5,000  feet  in  thickness  near  the  southern  edge, 
but  they  are  probably  not  more  than  2,000  feet  thick  near  the  north- 
em  boundary  of  the  field.  In  the  southern  part  this  group  consists 
mainly  of  shale,  but  along  the  northern  boimdary  the  sandstone  beds 
are  much  more  important,  making  up  possibly  one-third  of  the  section. 

The  subdivisions<)f  the  coal-bearing  rocks  of  Arkansas,  as  differen- 
tiated and  described  in  this  report,  are  briefly  tabulated  as  follows: 

Coal-bearing  rocks  of  Arkansas. 

Feet. 

Savanna  fonnation 200-f- 

McAlester  group: 

Paris  shale 600 

Fort  Smith  fonnation 400-600 

Spadra  shale 400-600 

Hartshome  sandstone 50-400 

Atoka  fonnation .^ 1,  bOO-b,  000 

The  general  reflations  and  lithologic  features  of  these  subdivisions 
are  set  forth  in  PL  I. 

ATOKA   FORMATION. 

The  rocks  belonging  to  tliis  formation  outcrop  in  the  surrounding 
regions  both  north  and  south  of  the  coal  field  and  also  occur  in  a 
number  of  limited  areas  included  in  it,  the  best  known  of  which  is 
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that  in  the  Backbone  Ridge  between  Hackett  and  Bonanza.  They 
have  also  been  penetrated  at  a  number  of  places  by  deep  drill  holes 
through  the  overiying  rocks.  South  of  the  coal  field  the  rocks  of  the 
Atoka  formation  are  tilted  at  high  angles,  and  extensive  sections 
of  them  can  be  measured,  but  on  the  north  their  attitude  is  more 
commonly  horizontal  and  only  the  upper  members  are  exposed.  In 
the  latter  region  these  rocks  correspond  in  stratigraphic  position 
with  the  Winslow  formation  as  mapped  by  Purdue  in  the  Winslow 
quadrangle. 

In  general  the  Atoka  formation  consists  of  shales  with  occasional 
sandstone  beds,  which  in  the  northern  part  make  up  possibly  as 
much  as  one-third  of  the  section,  while  farther  south  the  proportion 
of  sandstcme  is  very  much  less.     The  thickness  of  these  rocks  north 
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Fio.  3.— Graphic  sections  of  the  uj)jM'r  part  of  tho  Atoka  formation.     A,  north  of  Van  Buron;  B,  Mas- 
sard  I'rairio;  C,  Jenny  Lin<i;  I),  south  of  Huntington;  K,  Denning;  ¥,  Dardanelie. 

of  the  coal  field  has  been  estimated  to  be  approximately  1,500  feet, 
but  near  Mansfield,  in  the  southern  part,  over  3,000  feet  are  exposed 
and  2,000  more  have  l)een  })ierced  l)y  deep  drilling.  The  shales  vary 
from  fine-grained,  black  or  blue  clay  stones  to  gray  argillaceous  sand- 
stones. Generally  the  more  sandy  beds  are  harder,  and  where  thej^ 
outcrop  form  ridges  and  other  j)roininent  topographic  features. 
Although  the  rocks  of  this  formation  have  not  been  investigated  in 
close  detail,  tlu*  observations  made  and  the  records  of  deep  wells 
drilled  through  them  show  that  the  sandstone  members  are  lenticular 
bodies,   having   no   general   distribution   over   the   field.     In   manj^ 


STRATIGRAPHY.  15 

The  variation  in  the  succession  of  sandstones  and  shales  making 
up  the  Atoka  formation  is  graphically  shown  in  the  sections  presented 
in  fig.  3.  Lentils  of  coal,  most  of  which  are  too  thin  to  be  of  value, 
occur  at  rather  infrequent  intervals.  Such  coals  seem  to  be  more 
common  in  the  eastern  part  of  the  field  than  in  the  western,  a  con- 
dition which  may  be  partly  due  to  the  better  exposures  in  the  eastern 
portion.  Some  of  these  beds  have  been  mined  locally,  and  attempts 
to  exploit  them  at  various  places  are  still  in  progress,  though  nearly 
all  the  old  openings  are  deserted. 

Though  fossil  plants  have  been  found  associated  with  the  coal  beds 
at  several  points,  no  satisfactory  collections  of  them  have  been  made. 
Several  collections  of  marine  invertebrates,  which  are  described  under 
the  heading  ^^Paleontology ''  (pp.  31-35),  were  obtained  from  some  of 
the  upper  beds  near  Van  Buren. 

These  rocks  have  been  prospected  successfully  at  a  mmaber  of 
places  in  the  search  for  oil  and  gas.  The  natural  gas  used  at  Fort 
Smith  is  obtained  from  sandstone  lenses  1,000  to  2,000  feet  below  the 
to])  of  the  formation,  while  that  at  Mansfield  and  Huntington  comes 
from  sands  4,000  feet  stratigraphically  below  the  top  of  the  formation. 

HARTSHORNE    SANDSTONE. 

The  Hartshome  sandstone  is  economically  the  most  important 
formation,  outside  of  the  coal  beds  themselves,  to  be  described  in 
the  district,  since  its  outcrop  indicates  the  position  of  the  most 
important  coal  horizon.  It  had  been  identified  at  Bonanza  and 
Hackett,  on  the  Arkansas-Indian  Territory  boundary,  previous  to 
the  beginning  of  this  investigation.  From  these  points  its  outcrop 
has  been  traced  eastward  around  the  end  of  the  Backbone  Ridge 
anticline,  and  its  identity  with  the  sandstone  of  Devils  Backbone 
Ridge,  which  underlies  the  coal  bed  at  Montreal  and  Burma,  is  estab- 
lished by  drill  holes  at  short  intervals  across  the  Greenwood  syncline. 
From  the  latter  localities  it  has  been  traced  by  continuous  exposure 
eastward  through  the  whole  length  of  the  coal  field.  The  outcrop  of 
tjxis  sandstone  marks  the  northern  boimdary  of  the  coal  field  through 
most  of  its  length,  and  the  rock  also  occurs  in  a  number  of  isolated 
areas  within  the  coal  district,  as  is  shown  on  the  accompanying 
geologic  map. 

This  formation  is  essentially  sandstone,  but  does  not  differ  materi- 
aUy  from  many  of  the  heavier  sandstone  beds  contained  in  the  under- 
lying rocks,  except  for  its  more  general  distribution  over  the  field. 
Usually  it  can  be  identified  by  the  presence  of  one  or  more  coal  beds 
in  the  rocks  immediately  above  it.  In  its  typical  exposures  it  con- 
sists of  massive,  irregularly  bedded  rock,  at  most  places  more  than 
100  feet  thick,  and  where  the  dips  are  moderately  high  it  almost 
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invariably  makes  a  prominent  ridge.  Locally,  however,  the  sand- 
stone becomes  shaly  and  in  places  it  may  consist  of  two  compara- 
tively thin  sandstone  members  with  sandy  shale  between,  or  it  may 
thin  out  to  a  single  sandstone  less  than  20  feet  thick.  For  example, 
at  Burma  the  Hartshome  is  a  heavy  sandstone  over  50  feet  thick, 
above  which  there  is  a  coal  bed  overlain  by  another  sandstone  of 
nearly  equal  thickness,  the  two  beds  together  forming  the  Devils 
Backbone  Ridge.  On  the  north  side  of  the  Huntington  basin,  a  few 
miles  east  of  Burma,  the  Hartshome  formation  contains  only  15  feet 
of  hard  rock,  and  the  sandstone  which  overlies  it  at  Burma  is  absent. 
Though  the  rocks  stand  at  a  comparatively  high  angle,  the  northern 
rim  of  the  basin  is  not  marked  by  any  noticeable  ridge.  A  similar 
variation  in  the  Hartshome  sandstone  occurs  near  Russellville,  on 
the  north  side  of  Shinn  basin,  where  it  consists  only  of  sandy  shales, 
which  do  not  appear  in  the  topography,  although  they  dip  at  a  rather 
high  angle.  South  of  Shinn  basin,  only  half  a  mile  away,  the  Harts- 
home formation  is  represented  by  a  75-foot  bed  of  hard  sandstone, 


A 

COAL 

B 

c 

D 

COAL 

B 

COAL 
COAL 
COAL 

F 

s* 

m 

^^ 

Pi 

S- 

7Z£F!-. 

''^^ 

SQofeei 


FiQ.  4.— Graphic  sections  of  the  Hartshome  formation.    A,  Jenny  Llnd;  B,  Hackett;  C,  Chismville; 
D,  Denning;  E,  Shinn  basin;  F,  Ouita  basin. 

which  makes  a  prominent  ridge.  Where  exposed  on  Massard  Prairie, 
near  Fort  Smith,  the  Hartshome  sandstone  is  only  10  to  12  feet 
thick,  while  farther  northeast  it  is  still  thinner,  and  near  Arkansas 
River  it  consists  only  of  disconnected  lenses  of  hard  sandstone  in  a 
black  shale.  These  variations  in  the  sandstone  and  some  detail  as  to 
its  composition  are  shown  in  fig.  4.  The  pecuUarities  of  bedding  are 
illustrated  in  PI.  II,  B,  and  PL  III,  A  and  B. 

The  coal  bed  which  occurs  in  the  rocks  immediately  above  the 
sandstone  and  is  called  the  Hartshome  coal  has  been  traced  westward 
into  Indian  Territory  for  150  miles  and  to  the  eastern  limits  of  the 
field  in  Arkansas.  It  is  not  probable  that  any  one  coal  bed  is  con- 
tinuous through  this  whole  distance,  but  that  there  are  several  beds 
within  a  few  feet  of  one  another  vertically,  some  one  of  which  is  nearly 
always  present.  In  a  large  part  of  the  Indian  Territory  field  there 
are  two  coal  beds,  called  the  lower  and  upper  Hartshome  coals,  with 


_J.     VIEW  OF  POTATO  HILL. 
A  cone -fit.  aped  bytte  fofmod  by  tha  ecoiion  of  honiQAtilly  bedded  shileit  m  s  ^yntJirtil  beiin. 
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SltOMkng  on«  of  m»njf  ph«ie«  of  the  HarlshDrne  sindatona. 
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are  present  in  the  southwestern  part  of  the  Arkansas  field,  near 
Montreal  and  Burma,  but  in  other  parts  of  the  field  only  one  of  them, 
probably  the  lower,  has  been  found. 

This  formation  is  barren  of  fossil  remains,  neither  plants  nor  inver- 
tebrates having  been  f oimd  in  it',  with  the  exception,  possibly,  of  a  few 
fragments  of  Stigmaria,  At  many  places,  however,  lumps  of  mud 
are  included  in  the  sand,  which  on  weathering  out  leave  cavities 
resembUng  those  left  by  fossil  invertebrates.  This  sandstone  is  not 
known  to  have  yielded  natural  gas  or  oil,  though  it  has  yielded  good 
flows  of  artesian  water  at  several  places,  where  drill  holes  have  pene- 
trated it. 

SPADRA**    SHALE. 

The  Spadra  shale,  named  from  the  town  of  Spadra,  in  Johnson 
County,  stands  next  in  economic  importance  to  the  Hartshome 
sandstone,  which  it  overlies,  since  at  its  base  it  contains  the  most 
important  coal  beds.  It  is  well  known  to  coal  operators  and  miners 
in  Arkansas,  being  represented  at  nearly  all  of  the  mining  towns. 
This  formation  is  distributed  over  the  whole  of  the  workable  coal 
field  and  its  outcrop  is  eroded  in  many  places  to  form  broad  valleys, 
many  of  which  were  indicated  on  the  older  maps  of  the  region,  where 
they  are  described  as  prairies.  The  residual  soil  it  produces  seems  to 
be  comparatively  poor  and  the  vegetation  on  it  is  relatively  scant.  In 
general  this  formation  consists  of  fine-grained  blue,  black,  or  gray 
clay  shales,  but  locally  it  contains  sandy  beds  and  in  some  places  thin 
sandstone  lenses,  none  of  which  extend  for  very  great  distances.  The 
most  prominent  sandstone  lens  observed  is  one  near  Burma,  in 
Sebastian  Coimty,  which  forms  the  parting  between  the  upper  and 
lower  Hartshome  coals.  This  sandstone  which  has  a  maximum  thick- 
ness of  60  feet,  is  irregularly  cross-bedded,  contains  mud  lumps,  and 
resembles  the  Hartshome  sandstone  in  hardness,  but  it  thins  out  and 
disappears  within  a  few  miles  in  each  direction  from  its  thickest  part. 
At  many  other  places  sandstones  having  a  thickness  as  great  as  20  feet 
occur,  but  these  are  of  irregular  distribution  and  of  no  great  extent. 
The  thickness  of  the  formation,  which  is  well  known  not  only  from 
surface  observations  but  from  many  drill  holes  that  have  penetrated 
it,  varies  from  350  to  500  feet.  These  differences  may  be  due  to 
either  one  of  two  causes — either  the  shale  beds  themselves  vary  in 
thickness  in  different  parts  of  the  field,  or,  as  seems  more  Ukely, 
some  of  the  sandy  members  at  the  base  of  the  overl3dng  formation 
thin  out  locally  and  disappear.  The  formation  appears  to  be  abnor- 
mally thin  where  it  outcrops  along  the  southern  edge  of  the  central 
part  of  the  field,  in  some  sections  not  exceeding  200  feet  in  thickness. 

a  The  name  Spadra  stage,  applied  to  the  time  this  formation  was  deposited,  was  published  l)y  John 
J.  StevenBon  in  1895.    Trans.  New  York  Acad.  Sci.,  vol.  15, 1896,  p.  51. 
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This  condition  is  attributed  tentatively  to  the  rather  intense  local 
folding  of  the  beds,  it  being  inferred  that  the  softer  shale  has  been  either 
squeezed  or  sheared.  A  number  of  characteristic  sections  of  the 
Spadra  shale  taken  from  various  parts  of  the  field  are  shown  in  fig.  5. 
Fossil  plants  and  occasionally  invertebrate  animal  remains  occur 
in  the  shale  overiying  the  Hartshome  coal  bed  and  representative 
collections  were  made  from  it  at  several  locaUties.  -  These  collections 
have  been  examined  by  David  White  and  G.  H.  Girty,  whose  reports 
on  them  are  given  in  full  on  pages  24-35  of  this  paper.  Although 
the  Spadra  shale  has  a  flora  that  is  to  a  certain  extent  character- 
istic of  it,  many  of  the  species  represented  have  also  been  collected 
from  beds  much  higher  in  the  stratigraphic  column  and   therefore 
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FiQ.  5.— Graphic  sections  of  Spadra  shale.  A,  north  of  Jenny  Lind;  B,  northwest  of  Mldiand;  C,  south- 
west of  Hartford;  D,cast  of  Greenwood;  E,  north  of  Prairie  View;  F,  east  of  Spadra;  G,  Shinn 
basin. 

such  collections  of  fossils  are  of  little  value  in  correlating  formations 
in  different  parts  of  the  field.  The  various  fossils  collected  from 
these  coal  measures  indicate  that  they  were  deposited  very  rapidly 
as  compared  with  those  of  eastern  coal  fields. 

These  shales  have  been  used  to  a  limited  extent  near  Fort  Smith 
for  brickmaking,  but  otherwise  they  have  no  economic  value  except 
for  the  coal  beds. 

FORT   SMirH    FORMATION. 


,A^     EKPOSURE  OF  THE  HARTSHORWE  5ANDST0N£  NEAR  PINEY  CREEK  EAST  OF  H^NOJfVlLLE. 

Showing  [he  \^{%^  hedd>hg  charactenriJc  of  th»s  to'mmtJOft  Jn  *Dme  places 
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U      APPARENT   U^^CONFORMiTV   ihj   HARTSHORNE  SA^^DSTON£,  DUE  TO  FALSE  BEDDING. 
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is  shown  by  the  geologic  map.  The  formation  consists  of  a  group  of 
thin  and  to  some  extent  variable  sandstone  beds,  with  interbedded 
shale  members,  and  is  named  from  the  city  of  Fort  Smith,  in  Sebastian 
County.  In  general  the  sandstones  are  ripple-marked,  the  markings 
presenting  considerable  variety  in  both  size  and  form,  and  many  of 
the  individual  beds  are  characterized  by  a  W^vj  cleavage  approxi- 
mately parallel  to  the  minor  undulations  of  the  bedding  planes. 
False  bedding  or  cross-bedding,  which  is  a  common  feature  of  the 
Hartshome  sandstone,  is  unusual  in  the  Fort  Smith  formation,  though 
it  is  not  entirely  absent.  The  shales  are  nearly  everywhere  more  or  less 
arenaceous  and  the  resulting  soils  are  reddish  or  yellowish  and  sandy. 
At  Fort  Smith  the  lower  sandstone  member  is  extensively  quarried  and 
has  yielded  most  of  the  flagstones  with  which  the  city  is  paved.  The 
formation  here  consists  of  a  lower  member,  20  to  50  feet  thick,  of 
hard,  flaggy,  ripple-marked  sandstone,  above  which  there  are  40  to 
60  feet  of  shale  overlain  by  hard  sandstone  and  shaly  sandstone 
nearly  100  feet  thick.  Near  the  upper  part  of  the  formation  there  is 
a  coal  bed  which  was  formerly  mined  and  which  appears  on  the  map 
prepared  by  the  Geological  Survey  of  Arkansas  as  the  Hermann  and 
Wilson  pits. 

One  of  the  best  exposures  of  the  formation  is  found  in  the  region 
east  of  Greenwood.  Here  the  lower  sandstone  member,  which  is 
probably  identical  with  that  at  Fort  Smith,  forms  a  prominent  ridge 
constituting  the  rim  of  a  syncUnal  basin  in  which  the  town  of  Bloomer 
is  situated.  Above  this  sandstone  is  nearly  200  feet  of  shale,  which 
is  overlain  by  a  series  of  hard,  shaly  sandstones  forming  Grand  and 
Coal  ridges,  aggregating  about  200  feet  in  thickness.  There  are  two 
coal  beds  in  the  upper  part  of  the  formation  here,  the  lower  one  of 
which  has  been  opened  in  a  number  of  pits  and  varies  in  thickness 
from  18  inches  to  3  feet.  The  lower  sandstone  member  of  the  forma- 
tion is  also  typically  exposed  in  Tennessee  Ridge,  which  forms  the 
northern  wall  of  Long  Prairie  at  Jenny  Lind,  and  from  this  occurrence 
it  has  been  locally  called  the  "Tennessee  sandstone.'' 

The  individual  beds  comprising  this  formation  in  the  eastern  end  of 
the  field  have  not  been  definitely  correlated  with  those  in  the  western 
part.  In  the  vicinity  of  Spadra  it  is  probable  that  the  lower  sand- 
stone member  corresponding  to  the  sandstone  of  Tennessee  Ridge  is 
either  absent  or  so  shaly  that  it  can  not  be  identified,  while  a  bed  a 
little  higher  stratigraphically  has  taken  its  place  as  the  first  distinct 
sandstone  above  the  Spadra  shale.  This  sandstone  forms  the  escarp- 
ment at  the  front  of  Big  Danger  Hill  south  of  Clarksville  and  is 
about  60  feet  thick. 

The  upper  part  of  the  Fort  Smith  formation  is  probably  not  repre-^ 
sen  ted  in  this  part  of  the  field.  In  general  the  formation  here  is  much 
more  sandy  than  the  Spadra  shale.     It  contains  several  small,  unim- 
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portant  coal  beds,  which  have  not  been  examined  in  detail  nor  corre- 
lated with  those  in  the  western  part  of  the  field. 

The  average  thickness  of  the  Fort  Smith  formation  is  estimated  at 
400  feet.  Detailed  sections  exposed  at  various  localities  are  shown 
in  fig.  6. 

Fossil  plants  occur  in  association  with  some  of  the  coal  beds,  and 
several  collections  made  from  them  have  been  examined  by  David 
White,  who  refers  to  them  as  the  Coal  Ridge  flora.  This  flora  seems 
to  differ  only  sUghtly  from  that  of  the  Hartshome  horizon,  though  it 
can  be  distinguished. 

The  sandstones  of  this  formation  have  been  quarried  for  paving 
and  building  stones  at  several  places.  At  Fort  Smith  the  lower  sand- 
stone member  has  been  exten- 
sively worked,  yielding  flag- 
stones from  which  most  of  the 
city's  sidewalks  are  made. 
These  flags  are  from  3  to  6 
inches  thick  and,  though  hard 
and  durable,  their  surfaces  are 
invariably  ripple-marked  and 
rough. 

At  Cabin  Creek  station 
(Lamar  post-ofiice),  in  the 
eastern  part  of  the  field,  a 
more  massive  bed,  somewhat 
higher  in  the  formation,  is 
quarried,  yielding  a  good  stone, 
which  is  shipped  to  more  dis- 
tant markets,  some  of  it  going 
as  far  as  New  Orleans.  A 
view  of  this  quarry  showing 
the  characteristic  bedding  and  joint  planes  of  the  rock  is  shown  in 
PI.  IV,  A, 

The  rock  quarried  at  Spielerville  and  used  in  the  construction  of  the 
Subiaco  College  buildings  is  probably  taken  from  a  sandstone  bed  in 
this  formation,  and  most  of  the  brick  factories  near  Fort  Smith 
have  obtained  their  material  from  shale  beds  that  are  included  in  it. 

PARIS    SHALE. 

The  Paris  shale,  which  takes  its  name  from  the  town  of  Paris  in 
Logan  County,  covers  two  large  areas,  essentially  broad  synclinal 
basins,  in  the  central  part  of  the  field.  One  syncline  near  Paris  is 
surmounted  by  Short  and  Little  Short  mountains.  The  other,  south 
of  Charleston,  surrounds  the  base  of  Potato  Ilill.     It  also  occurs  in 
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Fig.  6.— Graphic  sections  of  the  Fort  Smith  forma- 
tion. A,  section  at  Fori  Smith;  B,  section  north 
of  Auburn;  C,  section  north  of  Prairie  View;  D, 
section  northeast  of  Lamar. 
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the  Spadra  shale,  but  is  almost  invariably  more  sandy  and  contains  a 
greater  number  of  sandstone  lenses,  whose  distribution  has  not  been 
determined  in  close  detail.  The  sandstone  lenses,  however,  are  gener- 
ally softer  than  those  included  in  the  Spadra  formation  and  do  not  con- 
trast so  strongly  in  topographic  expression  with  the  including  shales. 

The  total  thickness  is  estimated  from  the  dips  of  the  outcrops  to 
be  between  600  and  700  feet.  Its  upper  limit  is  marked  in  the  Paris 
basin  by  the  base  of  the  heavy  sandstone  which  caps  Short  and  Little 
Short  mountains.  Detailed  sections  of  the  formation  as  exposed  at 
Short  Mountain  and  Potato  Hill  are  given  in  fig.  7. 

The  Paris  coal  bed  occurs  from  200  to 
300  feet  above  the  base  of  the  Paris  forma- 
tion and  about  400  feet  below  its  upper  < 
limit.  A  large  collection  of  fossil  plants 
and  invertebrate  animal  remains  from  the 
sandy  shale  in  the  roof  of  this  bed  was  s 
submitted  to  David  White  and  G.  H.  Girty , 
whose  reports  are  given  on  pages  24-35. 

The  flora  resembles  that  from  the  Coal     ♦ 
Ridge  horizon  but  is  provisionally  corre- 
lated with  that  from  above  the  McAlester 
coal  bed  of  Indian  Territory,  which  occu-    3 
pies  a  similar  relation  to  the  Hartshome 
coal    horizon.     Except    for  its  coal  this 
formation  yields  no  minerals  of  economic     2 
value.     Its   sandstones    are   usually   too 
soft  for  building  purposes  and  its  shales 
have  not  been  utilized  in  brick-making.         » 


A  B 

Fig.  7.— Graphic  sections  of  Paris 
shale.  A,  Potato  HUi;  B,  Short 
Mountain. 


The  Savanna  sandstone  occurs  in  only 
a  few  small  areas  in  Arkansas,  where  it 
caps  several  isolated  mountains  and  buttes. 
This  formation  as  represented  in  Indian 
Territory  is  described  as  a  group  of  three  more  or  less  massive  and 
thick  sandstone  beds  with  intervening  shaly  members,  the  total 
thickness  being  approximately  1,000  feet.  In  Arkansas  only  the 
lower  part  of  this  formation  is  present.  Short  and  Little  Short 
mountains  near  Paris  are  regarded  as  type  localities.  At  Short 
Mountain  the  Savanna  is  represented  by  a  massive  sandstone 
nearly  100  feet  thick,  which  lies  as  a  flat  cap  forming  a  mesa  on  the 
summit.  The  conditions  are  similar  at  Little  Short  Mountain,  which 
is  capped  by  the  same  bed.  The  sandstone  beds  at  the  top  of  Maga- 
zine Mountain,  which  are  provisionally  correlated  with  the  Savanna, 
have  a  total  thickness  of  several  hundred  feet  and  contain  some  con- 
glomeratic beds  with  quartz  and  chert  pebbles  as  large  as  one-eighth 
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of  an  inch  in  diameter.  This  formation  is  also  represented  in  Sugar- 
loaf  and  Poteau  mountains,  where  the  detail  of  its  beds  is  so  obscured 
by  talus  that  it  has  not  been  mapped  closely. 

In  general  the  Savanna  formation  has  little  economic  value  in 
Arkansas.  No  coal  beds  have  yet  been  discovered  in  it,  though  such 
beds  may  be  present  in  Poteau  and  Sugarloaf  mountains.  The  sand- 
stone beds  in  Short  Mountain  are  massive  and  could  probably  be  used 
for  building  stones  where  large  blocks  are  required. 

SURFICIAL   DEPOSITS. 

Many  of  the  lowland  areas  within  the  coal  field  are  mantled  over 
with  deposits  of  silt,  sand,  or  gravel  that  were  laid  down  on  surfaces 
formed  by  the  erosion  of  the  coal-bearing  rocks.  As  noted  above, 
there  are  renmants  of  several  old  plain  surfaces  representing  different 
stages  of  erosional  development  in  Arkansas  Valley.  The  most  recent 
stage  is  represented  by  the  flood  plains  of  Arkansas  River  and  its 
tributary  streams.  A  somewhat  earlier  stage  is  indicated  by  the 
general  lowland  area  above  the  flood-plain  level,  while  a  much  earlier 
stage  is  represented  by  the  level-topped  ridges  and  hills  surmounting 
this  lowland.  The  difference  in  elevation  between  the  highest  and 
lowest  plain  is  about  400  feet.  Deposits  of  gravel  and  sand  are  of 
wide  distribution  on  the  surfaces  representing  the  two  later  stages, 
where  they  have  received  casual  attention.  These  deposits  are  evi- 
dently distinct  in  age,  though  it  is  often  hard  to  differentiate  them  in 
the  field.  On  the  accompanying  geologic  map,  PL  VI,  they  are  indi- 
cated only  in  those  areas  where  they  are  so  thick  as  to  conceal  effectu- 
ally the  underlying  strata  and  render  it  impossible  to  discover  the 
geologic  relations  of  the  coal-bearing  rocks.  The  recent  deposits  are 
not  differentiated  from  the  earlier  ones. 

The  recent  deposits,  which  are  most  extensively  represented  in  the 
flood  plains  of  Arkansas  River,  are  composed  generally  of  rather  fine 
silt  and  sand,  gravels  and  coarse  pebbles  being  of  rare  occurrence. 
Their  surfaces  are  marked  by  oxbow  lakes  and  other  ordinary  flood- 
plain  features.  They  comprise  much  of  the  richest  agricultural  land 
in  this  district,  though  they  are  subject  to  overflow  at  long  intervals. 

The  earlier  of  these  deposits,  where  identified,  usually  consist  of 
sand  and  moderately  fine  gravel  containing  many  pebbles  of  chert. 
Generally  they  are  indicated  by  waterworn  pebbles  strewn  over  the 
surface,  but  in  good  exposures,  such  as  banks  of  streams  and  road  cuts, 
they  are  stratified  and  are  often  20  feet  or  more  in  thickness.  Such 
deposits  are  invariably  more  or  less  eroded  and  show  none  of  the 
original  surface  features  of  flood-plain  deposits. 

Flat  surfaces  of  this  lowland  plain  of  the  earlier  period  are  in  many 
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by  50  feet  in  diameter,  whose  origin  has  been  the  subject  of  much 
speculation. 

The  mounds  generally  occur  in  localities  of  poor  drainage,  and  in 
Arkansas  are  especially  common  over  clay  soils  formed  by  the  disin- 
tegration of  the  shale  beds,  though  not  confined  to  them  exclusively. 
The  general  distribution  of  the  mounds,  not  only  here  but  in  other 
States,  disproves  the  theory  very  common  in  Arkansas  that  they  are 
formed  by  escaping  gases  and  are  therefore  good  indications  of  gas, 
oil,  or  coal.  Of  the  other  hypotheses  regarding  t'lem  the  one  that  they 
were  built  by  burrowing  animals  of  some  kind  now  extinct  seems  to 
the  writer  most  probable.  At  any  rate  they  were  produced  under 
conditions  not  now  existing  in  Arkansas  Valley,  and  they  can  safely 
be  taken  as  an  infalhble  diagnostic  feature  of  the  older  erosion  levels 
and  surficial  deposits. 

PALEONTOLOGY. 
CONCLUSIONS  DRAWN    FROM   STUDIES   OF   THE  FOSSILS. 

Fossils  representing  the  plant  and  animal  life  of  the  coal  period  are 
not  generally  distributed  through  the  Arkansas  coal  measures,  though 
they  are  abundant  in  certain  beds  at  a  few  horizons  where  a  number 
of  fairly  representative  collections  have  been  made.  The  fossil  plants 
collected  for  the  Arkansas  Geological  Survey  were  examined  and  re- 
ported on  in  a  paper  by  H.  L.  Fairchild  and  David  White  which,  Uke 
several  other  reports  of  that  organization,  has  unfortunately  never 
been  published.  Several  collections  of  invertebrate  fossils  from  the 
coal  field  were  identified,  described,  and  illustrated  by  Prof.  J.  P. 
Smith,**  formerly  of  the  Arkansas  Survey,  and  the  correlation  of  the 
coal  measures  with  Carboniferous  rocks  of  other  regions  was  ade- 
quately discussed  by  him  in  several  papers  published  by  private 
organizations,  which  are  available  for  reference  in  any  good  geological 
library. 

Since  the  discontinuance  of  the  Arkansas  Geological  Survey,  many 
collections,  of  both  plants  and  marine  invertebrates,  from  correspond- 
ing rocks  in  Indian  Territory,  have  been  examined  by  David  White'' 
and  G.  H.  Girty,*^  and  are  described  in  the  pubUcations  of  the  United 
States  Geological  Survey. 

The  collections  made  in  the  course  of  the  present  investigations 
in  Arkansas  have  been  examined  by  Messrs.  White  and  Girty,  whose 
reports  on  them  are  presented  on  pages  24-35.     In  general  these 

a  Smith,  James  Perrln,  The  Arkansas  coal  measures  In  their  relation  to  the  Pacific  Carboniferous 
province:  Jour.  GeoL,  vol.  2, 1894,  pp.  187-203;  Marinefossilsfrom  the  coal  measures  of  Arkansas:  Proc. 
Am.  PhUos.  Soc.,  vol.  35, 1896,  pp.  214-285,  Pis.  XVI-XXIV. 

b  White,  David,  Report  on  fossil  plants  from  the  McAlester  coal  field,  Indian  Territory,  collected 
by  Messrs.  Taff  and  Richardson  In  1897:  Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3, 1899,  pp.  457- 
534,  Pis.  LXVII-LXXVIII. 

c  Girty,  O.  H.,  Preliminary  report  on  Paleozoic  invertebrate  fossils  from  the  region  of  the  McAlester 
coal  Add,  Indian  Territory:  Nineteenth  Ann.  Rept.  U.  S.  Oeol.  Survey,  pt.  3,  1899,  pp.  539-593,  Pis. 
LXIX-LXXIL 
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fossils  afford  little  ground  for  the  stratigraphic  correlation  of  individ- 
ual beds  and  horizons,  though  they  determine  in  a  general  way  the 
age  or  time  relations  of  the  coals  of  Arkansas  as  compared  with  those 
of  other  States.  Two  conclusions  of  general  interest  may  be  drawn 
from  a  study  of  the  fossils: 

1.  The  Arkansas  coal  measures  correspond  to  a  lower  part  of  the 
Pennsylvanian  series  of  the  Carboniferous.  They  are  somewhat 
older  than  the  coals  of  Kansas  and  younger  than  those  of  Alabama. 

2.  The  great  thickness  of  coal-bearing  sediments  of  Arkansas  was 
deposited  in  a  relatively  short  time  as  compared  with  that  required 
for  the  deposition  of  the  corresponding  rocks  in  Pennsylvania  and 
West  Virginia.  The  rapid  sedimentation  may  accoimt  for  the  great 
stratigraphic  intervals  between  the  several  coal  beds  and  for  much  of 
the  irregularity  in  the  bedding. 

REPORT  ON  FOSSIL   PLANTS   FROM    THE  COAL  MEASURES  OF  ARKANSAS. 

By  David  White. 

EXTENT  AND   CHARACTER   OF  THE   COLLECTIONS. 

The  fossil  plants  collected  by  Mr.  Arthur  J.  Collier  and  assistants 
from  the  Arkansas  coal  fields  have  been  examined  very  closely,  and 
the  identifications  listed  below  are,  for  the  most  part,  final,  though 
a  portion  are  subject  to  revision  and  must  be  regarded  as  preliminary. 

A  fact  that  becomes  at  once  apparent  on  inspecting  the  plants 
collected  by  Mr.  Collier  is  the  remarkable  lack  of  strong  or  character- 
istic differences  between  the  ferns  of  the  upper  and  lower  horizons 
represented  in  the  collections.  The  entire  period  covered  by  the 
approximately  1,200  feet  represented  therein  is  not  greater  than  that 
embraced  in  less  than  200  feet  of  a  corresponding  portion  of  the 
Allegheny  formation  in  the  Appalachian  trough.  The  Coal  Hill 
coal  appears  paleobotanically  at  the  level  of  the  Brookville  coal  in 
the  Allegheny  formation.  The  Coal  Ridge  flora,  on  the  other  hand, 
is  perhaps  not  younger  than  the  lower  Kittanning  coal  of  the  Alle- 
gheny formation,  while  the  Paris  coal  furnishes  no  evidence  of  a  date 
later  than  upper  Kittanning.  The  entire  interval  falls  within  the 
limits  of  the  Cherokee  formation  in  Kansas,  and  of  the  basal  coal 
measures  in  Henry  Coimty,  Mo.,  including  beds  probably  not  over 
150  feet  above  the  Mississippian  surface. 

In  view  of  this  great  dilation  of  the  basal  Allegheny  and  consequent 
extraordinarily  rapid  sedimentation  it  is  not  surprising  that  very 
little  distinct  change  is  to  be  observed  from  one  point  to  another,  or 
that  the  horizons  can  with  difficulty  be  detected  paleobotanically 
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appear  if  the  collections  were  more  complete.  On  the  contrary, 
where  the  collections  are  from  very  different  horizons  it  is  safe  to 
infer  that  larger  collections  would  show  greater  paleontological 
differences. 

In  listing  and  discussing  the  collections  I  shall  treat  them  in  several 
natural  groups,  which  are  assumed  to  represent  as  many  horizons  or 
phases  of  the  floras.  A  small  number  of  lots  will  be  omitted  on 
account  of  the  absolute  insufficiency  of  the  material. 

FLORA   OF  THE    COAL   HILL   COAL. 

The  collections  which  I  regard  as  probably  belonging  to  this  horizon 
represent  a  basal  Alleghenian  flora  in  which  a  few  traces  of  Potteville 
development  are  still  to  be  seen,  as  illustrated  particularly  in  Mari- 
opteris  and  Neuropteris, 

Fossil  plants  {lot  D)from  NE.  J  SE.  \  sec.  29,  T.  9  N.,  R.  25  W.,  below  Coal  Hill  coal. 


Alethopteris  eerlii  (lax). 
Neuropteris  capitata. 
Neuropteris  missouriensis. 
Neuropteris  scheuchzeri. 
Neuropteris  rogersii. 
Linopteris  squarrosa?. 
Dolerophyllum  angularis. 
Cardiocarpon  bicuspidatum?. 
Rhabdocarpos  sulcatus. 


Alethopteris  serlii. 
Neuropteris  scheuchzeri. 
Wing  of  cockroach. 


Annularia  sphenophylloides. 
Sphenophyllum  emarginatum. 
Sphenophyllum  suspectum. 
Pseudopecopteris  macilenta. 
Cheilanthites  trifoliolatus. 
Cheilanthites  squamosus. 
Mariopteris  occidentalis. 
Mariopteris  nervosa. 
Pecopteris  vestita. 
Pecopteris  (Scolecopteris)  cf.  miltoni. 

Fossil  plants  {lot  E)from  NE.  \  sec.  24,  T.  9  N.,  R.  26  W.,  west  of  Coal  Hill. 

Annularia  sphenophylloides.  Pecopteris  plumosa. 

Sphenophyllum  emarginatum  var.  minor.     Pecopteris  vestita?. 
Sphenophyllum  suspectum.  Pecopteris  sp.,  indet.  fragment. 

Cheilanthites  squamosus. 
Mariopteris  occidentalis. 
Mariopteris  nervosa. 

Fossil  plants  {lot  B)from  Southern  Anthracite  Coal  Company* s  shaft  No.  i,  at  Russell- 
ville,  Ark.,  in  sec.  Ui,  T.  7  N.,  R.  21  W. 

Annularia  sphenophylloides.  l  Aphlebia  cf.  hirsuta. 

Calamostachys  sp.  I  Neuropteris  missouriensis. 
Sphenophyllum  fasciculatum.  Neuropteris  capitata. 

Cheilanthites  squamosus.  j  Neuropteris  scheuchzeri. 

Mariopteris  occidentalis.  |  Sigillariostrobus  quadrangularis.. 

Pecopteris  vestita?.  j  Wing  of  cockroach. 

Alethopterb  serlii.  I 

Fossil  plants  {lot  C)  from  Humphrey's  shaft,  north  of  Russellville^  Ark.,  in  sec.  28, 

T.  8  N,  R.  21  W. 

Annularia  radiata.  |  Neuropteris  harrisii?. 

Annularia  sphenophylloides.  Neuropteris  missouriensis. 

Sphenophyllum  emarginatum  var.  minor.     Neuropteris  scheuchzeri. 
Msuriopteris  latifolia?. 
Neuropteris  cf .  tenuifolia. 

1061fr-BuU.  326—07 3 
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Fossil  plants  (lot  M)  from  Woodson* s  strip  pity  one-fourth  mile  north  of  Burma  station 
on  the  Frisco  Railway,  in  sec.  19,  T.  5  N.,  R.  SI  W, 


Annularia  sphenophylloides. 
Sphenophyllum  emarginatum. 
Alethopteris  serlii. 
Neuropteris  harrisii. 


Neuropteris  missouriensis. 
Neuropteris  ovata. 
Neuropteris  cf .  tenuifolia. 


Fossil  plants  {lot  C)from  old  No.  1  miru  at  Denning,  ^rk.,  in  8E.  J  sec,  22,  T.  9  N., 

R.  26  W. 


Annularia  stellata. 
Annularia  sphenophylloides.  . 
Phyllotheca  ?  sp. 
Spheilophyllum  emarginatum. 
Sphenophyllum  majus. 
Sphenophyllum  suspectum. 
Cheilanthites  squamosus. 
Mariopteris  incompleta. 
Mariopteris  muricata. 
Mariopteris  occidentalis. 
Mariopteris  nervosa. 


Sphenopteris  sp. 
Pecopterb  emarginata. 
Pecopterb  cf .  robusta. 
Pecopterb  vestita. 
Pecopterb  clintoni?. 
Alethopterb  serlii  (lax). 
Neuropterb  capitata. 
Neuropterb  missouriensis. 
Neuropterb  scheuchzeri. 
Lepidophloios  scoticus?. 
^igillariostrobus  quadrangularis. 


The  four  lots  first  listed  above  appear  to  represent  an  identical  flora. 
The  plants  in  lot  C  show  so  close  a  relation  to  the  flora  of  the  Harts- 
home  coal  of  Indian  Territory  as  in  my  judgment  to  justify  the 
belief  that  it  belongs  to  the  same  horizon — a  concliision  sustained 
also  by  lot  M. 

Fossil  plants  (lot  I)  from  NE.  i  8W.  J  sec.  29,  T.  9  N.,  R.  25  W.,  southwest  of  Coal  Hill. 


Sphenophyllum  emarginatum. 
Mariopterb  occidentalis. 
Mariopteris  nervosa. 
Alethopterb  serlii. 


Neuropterb  missouriensb?. 
Rhabdocarpos  sulcatus. 
Rhabdocarpos  ?  sp. 


The  very  small  collection  listed  above  is  placed  here  on  account 
only  of  its  lack  of  difference  from  the  preceding.  In  itself  it  is  insuf- 
ficient for  paleontological  correlation. 

Fossil  plants  (lot  K)from  mine  No.  4  Western  Coal  Company ^  in  NW.  J  SE.  i,  sec.  19, 
T.9N.,  R.  25  W.,  west  of  Coal  Hill. 


Neuropteris  missouriensis. 
Neuropterb  scheuchzeri. 
Lepidophyllum  missouriense. 


Asolanus  camptotaenia. 
Cardiocarpon  cf.  circulare 


This  very  meager  collection  differs  from  the  other  floras  by  the 
addition  of  two  lepidophytes  and  by  the  relatively  small  number  of 
ferns.  Its  inclusion  with  the  Coal  Hill  flora  is  based  purely  on  the 
stratigraphic  data  furnished  by  Mr.  Collier. 
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Fossil  plants  (lot  H)  from  shale  4  feet  below  Spadra  coal  in  old  Allen  slope,  in  NE.  \ 
sec  IS,  T.9N.,  R.  25  W.,  northwest  of  Hartman,  Ark. 


Annularia  sphenophylloides. 
Eremopteris  cf.  lincolniana. 
Pseudopecopteris  macilenta. 
Mariopteris     sp.     cf.     sphcnopteroides? 

indet.  fragment. 
Sphcnopteris  cf .  cristata. 


Pecopterie  vestita. 
Alethopteris  ^erlii. 
Neuropteris  ovata. 
Neuropteris  capitata?. 
Neuropteris  jenneyi. 
Linopteris  cf.  squarrosa; 


small  fragment. 


Fossil  plants  {lot  G)from  SE.  }  sec.  24,  T.  10  JV.,  R.  25  W.,  4  miles  north  of  Uartman,  Ark. 


Annularia  sphenophylloides. 
Eremopteris  cf.  lincolniana. 
Pseudopecopteris  macilenta. 
Sphcnopteris     (Hawlea)    cf. 

Small  fragment. 
Pecopteris  vestita?. 


cristata?. 


Aphlebia  hirsuta. 
Alethopteris  serlii. 
Neuropteris  scheuchzeri. 
Neuropteris  jenneyi. 
Linopteris  cf.  squarrosa. 
Sigillariostrobus  quadrangularis. 


While  apparently  as  old  as  the  Coal  Hill  flora  these  two  lots  are  not 
so  far  identical  with  the  latter  as  might  be  expected.  The  two  lots 
are  very  nearly  identical  in  composition  and  it  is  possible  that  their 
difference  from  the  flora  of  the  Coal  Hill  coal  may  be  due  only  to  the 
fact  that  the  fossils  come  from  below  the  coal  rather  than  from  the 
roof  shale. 

The  interesting  feature  connected  with  the  Spadra  flora  is  the  occur- 
rence of  Psevdopecopteris  mdcUenta,  Neuropteris  jenneyiy  and  Linop- 
teris  squarrosa,  three  species  originally  described  from  the  small 
outlying  basin  in  the  zinc  region  of  southwestern  Missouri. 

FLORA   OP  THE   COAL   RIDGE    OR  CHARLESTON   COAL. 


Fossil  plants  {lot  L)from  Carter^ s  coal  wine,  in  sec.  17 

Charleston,  Ark. 


T.  7  N.,  R.  28  W.,  souOieast  of 


Annularia  sphenophylloides. 
Sphenophyllum  emarginatum  var.  minor. 
Sphenophyllum  fasciculatum. 
Sphenopteris  sp.  indet.  fragment. 
Aloiopteris  winslovii. 
Pecopteris  vestita. 


Pecopteris  miltoni?. 
Callipteridium  membranaceum. 
Neuropteris  missouriensis. 
Neuropteris  scheuchzeri. 
Lepidophyllum  lanceolatum. 
Cordaites  (communis  ?). 


Fossil  plants  {lot  Q)from  point  50  paces  south  of  iron  bridge,  one-half  mile  east  of  Caulks- 
ville.  Ark.,  in  sec.  S,  T.  7  N.,  R.  17  W. 


Annularia  sp. 

Sphenophyllum  emarginatum. 
Sphenophyllum  majus. 
Eremopteris  spinosa. 
Neuropteris  cf.  rarinervis. 

Fossil  plants  {lot  N)from  sec.  3,  south  center,  south  of  bridge  east  of  Caulksvillef  Ark., 
in  sec.  3,  T.  7  N.,  R.  27  W. 


Neuropteris  cf.  missouriensis?. 
Neuropteris  scheuchzeri. 
Linopteris  mtinsteri. 
Lepidocystis  vesicularis. 


Annularia  sphenophylloides. 
Sphenoptens  cf.  illinoiscnsis. 
Renaultia  sp.  indet. 
Pecopteris  villosa?. 
Pecopteris  oreopteridia. 


Pecopteris  candoUiana. 
Neuropteris  missouriensis. 
Linopteris  mtinsteri. 
Lepidophyllum  ovatifolium?. 
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Foml  plants  (lot  P)from  shale  over  Coal  Ridge  or  Charleston  coal  in  northeast  comer  sec, 
6,  T.7N.,  R.  28  W.,  north  of  Charleston,  Ark, 


Asterophyllites  equisetiformis. 
Sphenopteris  ?  sp.  indet. 
Pecopteris  vestita. 


Neuropteris  scheuchzeri. 
Linopteris  milnsteri. 


The  plants  contained  in  lots  L,  Q,  and  N  belong  to  a  flora  which, 
though  very  closely  allied  to  that  of  the  Coal  Hill  coal,  appears, 
nevertheless,  to  differ  from  the  latter  by  the  absence  of  some  of  the 
earlier  forms  related  to  OheilarUhite^,  Mariopteris,  and  Neuropteris, 
The  flora  is  fairl}^  homogeneous,  though  not  rich.  It  is  characterized 
by  the  presence  of  a  considerable  number  of  species  which  were  not 
collected  from  the  Coal  Hill  coal  and  which  point  to  an  approximate 
contemporaneity  with  the  lower  coal  in  Henry  County,  Mo.  It  is 
doubtful  whether  the  flora  here  represented  is  yoimger  than  the 
Lower  or  Middle  Kittanning,  though  it  is  possible  that  more  complete 
collections  will  prove  it  to  be  yoimg  as  the  Upper  Kittanning. 
Strictly  speaking,  this  flora  is  perhaps  as  high  as  any  that  is  repre- 
sented in  the  collections.  The  five  species  of  lot  P  are  tentatively 
placed  in  the  same  group  with  L  and  Q,  on  account  of  the  identity 
of  the  Linopteris  miinsteri.  The  flora  of  lot  P  itself  is  too  small  for 
correlative  value. 


THE   PARIS   FLORA. 


Fossil  plants  (lotO)  from  coal  seams  of  the  Paris  Coal  Company ^  in  sec.  10,  T.  7  N., 
R.  26  W,j  one-half  mile  west  of  Paris,  Ark. 


Calamites  suckowii. 
Choilanthitos  trifoliolatus. 
Linopteris  miinstori  (abundant). 
Lepidophyllum  lanceolatum. 


Lepidostrobus  sp.  (small). 
Sigillaria  discophora. 
Androstachys?  sp.  indet. 


This  flora,  which  is  possibly  the  youngest  represented  in  the  col- 
lections, appears  to  be  closely  joined  to  the  preceding  by  the  very 
abundant  Linopteris  miinsteri.  The  remaining  species  are,  however, 
largely  unrepresented  in  the  other  collections,  but  their  general 
stratigraphical  significance  is  not  such  as  to  permit  of  regarding  the 
Paris  coal  as  very  much  later  in  date  than  the  Coal  Ridge  coal.  I  do 
not  regard  it  as  younger  than  Upper  Kittanning. 

LOTS    OF   DOUBTFUL   AGE. 

Hereunder  I  list  the  collections  in  lots  V,  W,  U,  and  X,  all  of  which 
are  probably  from  the  same  •horizon.  It  would  seem  that  these  lots 
can  not  be  younger  than  the  Coal  Ridge  flora,  while,  on  the  other 
hand,  the  number  of  species  which  they  hold  in  common  with  the 
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proportion  of  forms  not  represented  in  the  collections  from  Coal 
Hill  coal  as  to  leave  some  doubt  as  to  the  correctness  of  such  a  refer- 
ence. The  general  indications  of  some  of  these  extraneous  species 
would  seem  to  preclude  considering  the  material  as  later,  at  furthest, 
than  Coal  Ridge  flora.  This  is  particularly  true  of  lot  V,  whose  con- 
nection with  the  Coal  Hill  flora  is  less  evident  than  appears  in  the 
case  of  lot  U.  I  am,  on  the  whole,  slightly  more  disposed  to  regard 
them  as  representing  the  Coal  Hill  coal.  At  the  same  time  the 
presence  of  the  species  whose  general  status  would  seem  to  point  to 
a  higher  horizon  must  leave  doubt  as  to  whether  collections  U  and  V 
are  not,  perhaps,  as  young  as  the  Coal  Ridge  coal.  Lots  X  and  W 
are  listed  in  connection  with  lots  U  and  V  for  the  reason  only  that 
they  are  too  limited  in  species  to  present  any  differences  from  the 
other  lots. 


Fossil  plants  (lot  V)fr(ym  NW.  \  NE.  \  sec.  23,  T.9N.,  R,  27  W.,  5  miles  west  of  Alius,  Ark. 


Calamites  sp.  indet. 
Annularia  sphenophylloides. 
Sphcnophyllum  emaiginatum. 
Sphenophyllum  fasciculatum. 
Mariopteris  sphenopteroides. 
Mariopteris  nervoea. 
Sphenopteris  cf .  pinnatifida. 
Croesotheca  ophiogloesoides. 
Pachypteris  gracillima. 


Pecopteris  vestita. 
Neuropteris  rarinervis. 
Neuropteris  missouriensis. 
Neuropteris  clarksoni?. 
Neuropteris  ovata. 
Neuropteris  scheuchzeri. 
Odontopteris  bradleyi?. 
Lepidodendron  sp.,  indet.  twig. 
Lepidophyllum  oblongifolium. 


Fossil  plants  (lot  W)fr<mi  8W.  \  sec.  17,  T.  9  R.  26  W.,  N.  2,  miles  west  of  Altui,  Ark. 


Calamites  ramosus. 
Annularia  sphenophylloides. 
Mariopteris  nervosa. 


Pecopteris  villosa?.     Fragments. 
Wing  of  cockroach. 


Fossil  plants  (lot  U)  from  near  Central  Coal  and  Coke  Company^s  mine  at  Hartford,  in 

sec.  15,  T.4N.,  R.  32  W. 


Annularia  sphenophylloides. 
Sphenophyllum  emarginatum  var.  minor. 
Sphenophyllum  cf.  majus. 
Cheilanthites  squamosus. 
Mariopteris  occid^ntalis. 
Mariopteris  incompleta. 
Mariopteris  sphenopteroides. 
Aloiopteris  winslovii. 


Pecopteris  vestita. 

Pecopteris  candolliana. 

Pecopteris  dentata. 

Pecopteris  jenneyi?. 

Alethopteris  serlii  var  missouriensis. 

Neuropteris  ovata. 

Neuropteris  scheuchzeri. 


Fossil  plants  (lot  X)from  sec.  2U  T.  10  N.,  R.  29  W.,2  miles  west  of  Pleasant  Hill,  on 

old  vnre  road. 


Sphenopteris  sp. 
Alethopteris  serlii. 


Neuropteris  ovata. 
Neuropteris  scheuchzeri. 
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THE    VAN    BUREN    FLORA. 


Fo8»il  plants  (lot  T)from  E.  i  SE.  i  sec.  9,  T.9  N.,  R.  SI  W, 


Aflterophyllites  equisetiformis.  * 
Annularia  radiata. 
Annularia  sphenophylloides. 
Sphenophyllum  emarginatum. 
Sphenophyllum  fasciculatum?. 
Cheilanthites  pluckenetii. 
Mariopteris  sphenopteroides. 
Mariopteris  occidentalis. 
Mariopteris  nervosa. 
Crossotheca  ophioglossoides. 
Sphenopteris  cf .  mixta. 
Pecopteris  vestita?. 
Pecopteris  villosa. 
Pecopteris  robusta?. 


Pecopteris  dentata. 
Aphlebia  hirsuta. 
Alethopteris  serlii. 
Callipteridium  insequale?. 
Callipteridium  sullivantii. 
Neuropteris  ovata. 
Neuropteris  fimbriata. 
Neuropteris  missouriensis., 
Neuropteris  scheuchzeri. 
Neuropteris  clarksoni?. 
Cordaites  cf .  principalis. 
Cordaianthus  sp. 
Cardiocarpon  fluitans. 
Rhabdocarpus  sp. 


The  review  of  the  species  listed  above  shows  at  once  that  the  Van 
Buren  flora  is  most  intimately  associated  with  that  represented  by- 
lots  U  and  V.  Its  species  are  identical  with  the  former,  but  they  are, 
by  the  generally  recognized  range  of  the  forms,  shown  to  be  of  approxi- 
mately the  same  age.  The  Van  Buren  flora  (lot  T)  is  therefore,  I 
believe,  to  be  considered  as  not  younger  than  the  Coal  Ridge  flora. 
If  it  can  be  shown  that  lots  V  and  W  are  as  old  as  Coal  Hill  it  will 
then  be  possible  to  refer  lot  T  to  nearly  as  low  an  horizon.  In  this 
connection  it  may  be  of  interest  to  compare  lots  U  and  V,  as  well  as  T, 
with  two  collections  made  by  Mr.  Taff  from  the  Poteau  and  Sallisaw 
quadrangles  of  Indian  Territory.  I  am  not  informed  as  to  the  strati- 
graphical  position  of  the  Indian  Territory  floras,  though  it  is  probable 
that  Mr.  Taff  can  readily  supply  the  data;  but  it  is  desirable  to  call 
attention  to  the  strong  evidence  of  approximate  contemporaneity 
which  would  appear  to  exist  between  these  locaUties  and  those  of  the 
lots  last  discussed. 


Fossil  plants  (lot  2180)  from  lower  coal  at  Wittemlle,  Ind.  T.  {Poteau  quadrangle),  in 

NE.  i  sec.  15,  r.  7  N.,  R.  25  E. 


Sphenophyllum  emarginatum. 
Cheilanthites  squamosus. 
Mariopteris  sphenopteroides. 
Mariopteris  nervosa. 
Mariopteris  incompleta. 
Mariopteris  occidentalLs. 


Pecopteris  vestita. 
Neuropteris  ovata. 
Neuropteris  rarinervis. 
Neuropteris  scheuchzeri. 
Odontopteris  bradleyi. 
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Foml  plants  {lot  2737)  from  center  of  sec.  13,  T,  11  AT.,  R.  23  E.,  Sallisaw  {Ind.  T.) 

quadrangle. 

Annuluria  stellata. 
Annulaiia  sphenophylloides. 
Sphenophyllum  emarginatum. 
Sphenophyllum  fasciculatum. 
Sphenophyllum  cf .  thoni. 
Mariopteris  sphenopteroides. 
Mariopterifl  occiden talis. 
Mariopteris  incompleta. 
Sphenopteris  pinnatifida. 
Sphenopteris  mixta. 


Sphenopteris  cf .  cristata?. 
Pecopteris  vestita?. 
Pecopteris  robusta?. 
Alethopteris  anibigua. 
Callipteridium  suUivantii. 
Neuropteris  missouriensis. 
Neuropteris  scheuchzeri. 
Linopteris  cf .  miinsteri. 
Cordaianthus  ovatus. 


OTHER  COLLECTIONS. 

The  following  localities  are  represented  by  collections  too  small 
and  of  too  little  value  to  deserve  formal  consideration  from  a  correl- 
ative standpoint,  especially  in  a  case  like  the  present,  where  the 
expansion  of  the  formations  is  so  great  as  to  show  but  little  floral 
change  in  an  interval  of  hundreds  of  feet. 

The  first  of  these  lots,  from  shale  just  above  the  quarry  at  the  Catho- 
lic church,  may  belong  to  the  Coal  Ridge  or  Van  Buren  stage. 

Fosgil  plants  (lot  S)from  sec.  2,  T.7  N.,  R.  25  W. 

Pecopteris  vestita.  Cardiocarpon  branneri. 

Pecopteris  oreopteridia.  I  Cardiocarpon  cf.  circulare. 

Fossil  plants  {lot  J)  from  sec.  SI,  T.  7  N.,  R.  28  W. 

Neuropteris  missouriensis. 

Fossil  plants  {lot  R)from  CauWs  pit,  east  of  Caulksville. 

Alethopteris  serlii.  |  Linopteris  sp. 

Fossil  plants  {lot  A)  from  sec.  16,  T.  9  N.,  R.  22  W. 

Neuropteris  missouriensis.  '  Mariopteris  sp. 

Mariopteris  occidental  is. 

REPORT  ON  MARINE  CARBONIFEROUS  FOSSILS  FROM  THE  COAL  FIELDS 

OF   ARKANSAS. 

By  George  H.  Girty. 

From  Sicmile  Creek,  south  of  bridge  east  of  Caidhsville. 

Aviculipecten  whitei. 

From  No.  1  mine  of  Consolidated  Anthracite  Coal  Company,  Spadra,  Ark.^  in  sec.  24, 

T.  9  AT.,  R.  24  W. 

Pleurophorus  subcostatus?. 
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No  label. 
Plenrophorus  subcostatus.  |  Aviculipecten  whitei. 

From  shah  on  Little.  Piney  Creek  above  junction  with  Big  Piney, 

Euomphalus  catilloides?. 

From  southeast  comer  sec,  SO,  T.  7  N.,  R.  29  W.,  in  sandstone  over  coal, 

Sedgwickia  aff .  topekensis. 

From  Simiile  P.  O.,  in  sec.  25,  T.  8  N.,  R.  28  W. 

Yoldia  aff.  Y.  carbonaria. 


Marginifera  muricata. 
Ck)mposita  subtilita. 
Edmondia  aff.  E.  subtruncata. 
Edmondia?  sp. 
Leda  aff.  L.  nasutg. 
Schizodus?  sp. 
Astartella  varica? 
Deltopecten  aff.  D.  occidentalis. 


Pleurophorus  angiilatus. 

Euphemus  nodicarinatus. 

Platyceras  aff.  P.  nebraskense. 

Nautilus  sp. 

Orthoceras  sp. 

Various  small  undet.  gasteropoda. 


Fnym  south  side  of  Spadra  Hill,  in  sec.  29,  T.9  N.,R.U  W, 


Crania?  sp. 
Aviculipecten  whitei. 
Aviculipecten  sp. 
Leda?  sp. 
Pleurophorus  oblongus. 


Naticopsis  nana. 
Naticopsis  sp. 
Pleurotomaria?  sp. 
Murchisonia?  sp. 
Ostracoda. 


From  southwest  comer  NW.  \  NE.  \  sec.  15,  T.9  N.,  R,  S2  W, 


LophophyUum  profundum. 
Derbya  sp.  (not  crassa). 
Productus  sp. 
Squamularia  perplexa. 
Spirifer  rockymontanus. 
Composita  subtilita. 
Hustedia  mormoni. 
Aviculipecten  sp. 


Myalina  pemiformis. 
Astartella  vera. 
Nucula  ventricosa. 
Edmondia  aif.  E.  nebraskensis. 
Pleurophorus  angulatus. 
Macrodon  obsoh^tus. 
Patollostium?  sp. 
Orthoceras  sp. 


From  NW.  \  sec.  15,  T.  9  N,  R.  S2  W.,  3  miles  northwest  of  Van  Burm. 


Crinoidal. 

LophophyUum  profundum. 

Composita  subtilita. 


Pleurophorus  angulatus. 
Soleniscus  klipparti. 
Pleurotomaria  sp. 


From  road  50  paces  south  of  railroad,  in  sec.  9,  T.9  N.,  R.  31  W.  (C.  D.  S). 


Crinoidal. 
F*rismopora  sp. 
Rhombopora  sp. 
Derbya  sp.  (not  crassa). 
Marginifera  muricata. 
Composita  subtilita. 
Dielasma?  sp. 


Hustedia  mormoni. 
Macrodon  obsoletus. 
Deltopecten  occidentalis. 
Schizodus  sp. 
Pleurophonis  immaturus? 
Naticopsis  sp. 
Pleurotomaria  sp. 
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Prom  vicinity  of  Plymouth,  Ark.,  on  road  100  paces  north  of  town,  in  NW.  J  sec.  35 

T.  11  N.,  R.  29  W. 


Michelinia  Bp. 
Polypora  ?  sp. 
Fistulipora  ?  sp. 
Derbya  sp.  (not  craasa). 
Margin  if  era  ingrata?. 
Spirifer  rockymontanus. 
Composita  subtilita. 


Hustedia  mormoni. 
Macrodon  obsoletus?. 
Leda  aff .  L.  nasuta. 
Astartella  concentrica  Conrad. 
Euomphalus  catilloidcs. 
Euphemus  nodicarinatus. 
Nautilus  sp. 


Prom  W.  i  sec.  So,  T.  9  N.,  R.  28  W.,  just  south  of  hill. 


Ms^nifera  muricata. 
Hustedia  mormoni 
Derbya  crassa?. 
Composita  subtilita. 
Avicula  acosta?. 
Lima  retifera?. 
Aviculipecten  sp.  a. 


Nucula  ventricosa. 

Leda  sp. 

Astartella  ?  sp. 

Pteria  ohioensis? 

Astartella  concentrica  Conrad. 

Pleurotomaria  aff.  brazoensis. 


Prom  one-fourth  mile  north  of  Burma  station,  on  Prisco  Railroad,  Woodson^ s  stnp  pit^ 

sec.  19,  T.5N.,  R.  31  W. 

Naiadites  elongatus.  |  Allerisma  ?  sp. 

Prom  near  southwest  comer  of  sec.  15,  T.  9  N.,  R.  32  W, 


Monilipora  sp. 

Crinoidal. 

Lophophyllum  profundum. 

Rhombopora  sp. 

Spirifer  sp. 

Spirifer  rockymontanus. 

Spirifer  cameratus. 

Spiriferina  kentuckyensis?. 

Composita  subtilita. 

Dielasma  sp. 

Deltopecten  occidentalis. 


Deltopecten  aff.  D.  texanum. 
Aviculipecten  sp.  a. 
Nucula  ventricosa?. 
Astartella  varica. 
Schizodus  sp. 

Modiola  aff.  M.  subelliptica. 
Euomphalus  catilloides. 
Bellerophon  sp. 
Loxonema  ?  sp. 
Griffithides  sp.  a. 


Prom  mine  of  Union  Coal  Company,  west  of  Paris,  Ark. 

Aviculipecten  whitei.  |  Pleurophorus  subcostatus . 

Prom  point  3  miles  northeast  of  Port  Smith,  Ark.,  on  Wilson  farm,  in  sec.  1,  T.  8  N., 

R.  32  W. 


Marginifera  ?  sp. 
Spirifer  rockymontanus. 


Spiriferina  kentuckyensis. 
Composita  subtilita. 
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From  west  end  ofPoteuu  Mountain,  Indian  Territory  ^  2\  miles  northwest  of  Coaldale,  Arh. 


Lophophyllum  profundum. 
Crinoidal  fragments. 
Stenopora  ?  sp. 
Fistulipora  sp. 

Rhombopora  lepidodendroides. 
Septopora  biserialis. 
Lingulidiscina  aff.  L.  convoxa. 
Derbya  crassa. 
Productus  cora. 
Productus  cf.  P.  nebraskensifl. 
Marginifera  ingrata. 
Spirifer  rocky  mon  tan  us. 
Spirifer  cameratus. 
Spiriferina  kentuckyensis. 
Composita  subtilita. 
Hustedia  mormon  i. 
Pugnax  osagensis. 
Dielasma  bovidens?. 
Aviculipecten  aff.  A.  coxanus. 
Aviculipecten  germanus. 
Lima  retifera?. 
Pteria  ohioensis?. 
Pspudomonotis  ?  sp. 


Leda  bellistriata. 
Myalina  aff.  M.  pemiformis. 
Solenomya  sp. 
Schizodus  affinis?. 
Allerisma  terminale?. 
Parallelodon  tenuistriatiis. 
Cypricardinia  carbonaria. 
Astartella  concentrica?. 
Astartella  varica. 
Edmondia  mortonana?. 
Pleurophorus  immaturus?. 
Pleurophorus  tropidophorus. 
Euconospira  n.  sp. 
Pleurotomaria  aff.  P.  tenuicincta. 
Pleurotomaria  aff.  P.  subconstricta. 
Pleurotomaria  aff.  P.  giffordi. 
Patellostium  marcouanum. 
Bellerophon  harrodi?. 
Aclis  stevensana. 
Sphaerodoma  sp. 
Orthoceras  cribrosum?. 
Nautilus  sp. 
Phillipsia  cliftonensis?. 


From  7vest  end  of  Poteau  Mountain,  Indian  Territory,  2\  miles  northwest  of  Coaldale^ 
Arh.,  at  point  150  feet  above  shale  fossils. 


Deltopecten  occidentalis?. 
Myalina  perattenuata. 
Myalina  aviculoidos. 
Aviculipinna  amoricana. 


Allerisma  terminale. 
Schizodus  compressus. 
Pleurophorus  sp. 


All  these  fossils  are  of  Pennsylvanian  age,  and  all  show  closely 
related  faunal  fades.  I  regard  them  as  rather  low  in  the  Pennsyl- 
vanian. Very  little  discrimination  can  be  made  between  these  collec- 
tions on  the  strength  of  their  invertebrate  faunas.  Those  from  the 
black  shale  associated  with  coal  beds  have  to  a  certain  extent  an 
individual  aspect,  owing  to  their  limited  variety,  a  fact  which  I  ascribe 
to  impure  or  brackish  water  conditions,  but  even  these  are  related  to 
the  more  varied  and  more  obviously  marine  assemblages  of  species. 

The  lot  collected  near  Sixmile  post-office,  in  sec.  25,  T.  8  N.,  R.  28 
W.,  which  represents,  I  believe,  the  highest  horizon  in  the  collection 
from  Arkansas,  has  to  a  limited  extent  peculiarities  that  differentiate 
it  from  some  of  the  other  collections  coming  from  lower  beds.  One 
fact  in  point  is  the  relatively  restricted  representation  of  brachiopods, 
which  group  is  more  abundant  in  some  of  the  other  lots.  The  pelecy- 
pods  are  largely  the  same.     It  is  very  doubtful,  however,  whether 
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collections  from  the  same  horizon  at   somewhat  separated  points 
would  be  necessary  to  determine  this  fact. 

Lithologically  the  collections  from  shale  on  the  west  end  of  Poteau 
Mountain  in  Indian  Territory  are  distinct  from  the  others;  and  though 
a  ^ood  many  species  are  common  to  both  series  of  collections,  I 
believe  the  Poteau  Mountain  material  to  represent  a  younger  horizon. 
This  is  perhaps  especially  true  of  the  collection  obtained  from  150  feet 
above  the  shale  fauna.  The  latter  can  possibly  be  correlated  with 
the  Flint  Ridge  horizon  of  Ohio. 

STRUCTURE. 
OENERAL   FEATURES. 

The  coal  field  of  Arkansas  lies  in  a  long,  comparatively  narrow 
synclinal  trough  extending  eastward  along  Arkansas  River  valley 
from  the  Indian  Territory  line.  North  and  south  of  the  field  the  coal- 
bearing  strata  have  been  eroded,  leaving  only  barren  rocks  of  the 
Atoka  and  Winslow  formations  exposed.  This  trough  lies  between 
the  Boston  Mountains  on  the  north  and  the  Ouachita  Mountains  on 
the  south,  two  elevated  land  masses  which  have  very  different  geo- 
logic structures.  The  Ouachita  region  is  characterized  by  long,  sharp 
ridges  formed  by  the  erosion  of  alternating  hard  and  soft  beds  dipping 
at  high  angles.  They  are  in  fact  strike  ridges  of  upturned  rocks. 
The  various  strata  comprising  this  mass  have  been  subjected  to  vio- 
lent strains  and  compressed  in  a  north-south  direction,  throwing  them 
into  folds  whose  axes  extend  approximately  east  and  west.  Subse- 
quent to  this  crumpling  the  upper  parts  of  the  folds  have  been  eroded, 
leaving  the  edges  of  the  harder  beds  projecting  in  ridges  as  we  now 
find  them.  In  the  process  of  folding  the  strata  were  here  and  there 
broken  and  in  many  places  the  beds  slipped  out  of  position  so  that 
their  outcrops  are  not  now  continuous  for  very  great  distances. 
Such  fractures  are  called  faults  by  geologists.  As  a  general  rule,  the 
faults  of  the  Ouachita  Mountain  province  are  of  the  kind  that  is  pro- 
duced by  compression.  In  such  faults  the  fracture  plane  is,  as  a  rule, 
inclined,  and  the  beds  on  the  upper  side  have  slipped  over  those  on 
the  lower  side — in  fact,  are  thrust  over  them — and  for  this  reason 
such  displacements  are  called  thrust  faults.  In  general  the  faults  of 
the  Ouachita  Mountain  region  extend  approximately  east  and  west 
parallel  with  the  trend  of  the  ridges." 

The  rocks  of  the  Boston  Mountain  province  ^  are  not  so  intensely 
folded  as  those  of  the  Ouachita  province,  but  are,  as  a  rule,  only 
slightly  distorted  from  their  original  horizontal  positions.     They  are 

o  For  a  description  of  the  geologic  structure  of  the  Ouachita  Mountains,  see  TafT,  Joseph  A.,  Atoka 
folio  (No.  79),  pp.  f»  and  7;  Coalgate  folio  (No.  74),  p.  5;  and  manuscripts  of  McAlester,  Windlngstalr, 
and  Tuskahoma  folios,  not  yet  published. 

*  Purdue,  A.  IL,  Winslow  folio.    (In  preparation.) 
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characterized  by  low  dips,  seldom  exceeding  4°  or  5°.  This  mass 
appears  to  have  been  raised  up  like  a  great  block  of  the  earth's  crust, 
allowing  the  lowlands  of  Arkansas  Valley  to  break  away  from  it. 
Where  one  part  of  the  earth's  crust  is  raised  up  higher  than  an 
adjoining  part,  the  beds  at  the  two  levels  must  either  bend  or  break. 
A  flexure  produced  in  this  way  is  described  as  a  monocUne  or  mono- 
cUnal  fold.  Fractures  or  faults  thus  produced  difl^er  in  type  from 
those  found  in  the  Ouachita  Mountains  in  that  they  occur  in  beds  not 
crumpled  by  lateral  pressure  and  otherwise  little  disturbed  from  their 
original  positions.  Usually  in  such  faults  the  plane  of  fracture  does 
not  stand  exactly  vertical,  and  the  beds  on  the  upper  or  hanging-wall 
side  sUp  down,  while  those  on  the  lower  or  foot-wall  side  rise.  Faults 
of  this  kind  are  described  as  normal,  drop,  or  tension  faults.  They 
are  characteristic  of  the  geologic  structure  of  the  Boston  Mountains, 
-and  a  series  of  them,  extending  approximately  east  and  west,  occurs 
along  the  north  side  of  Arkansas  Valley,  and  in  many  places  separates 
the  Boston  Mountain  province  from  the  coal  field. 


Fig.  8. — Map  showing  structural  features  of  Arkansas  coal  field. 

It  will  be  seen  from  this  description  that  the  Arkansas  Valley  syn- 
cline,  which  contains  the  coal  field,  is  peculiar  in  that  on  its  south  side 
the  underl3ang  rocks  rise  by  pronounced  folds  and  thru«t  faults,  while 
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The  structures  within  the  coal  field  partake  of  the  nature  of  both 
these  types,  since  the  rocks  are  definitely  folded  at  many  places  along 
the  southern  edge  of  the  field,  while  near  the  northern  edge  the  dips 
are  gentle,  the  beds  lie  nearly  flat,  and  normal  faults  are  of  frequent 
occurrence.  The  principal  structural  features  of  the  field  are  shown 
in  fig.  8. 

ANTICLINES. 

Although  the  coal  field  in  general  has  been  described  as  a  syn- 
cUnal  trough,  it  is  folded  into  a  number  of  minor  synclines  and  anti- 
clines. The  determination  of  these  features  is  of  great  importance 
to  the  miner  and  coal  prospector,  since  without  a  knowledge  of  this 
structure  it  is  impossible  to  determine  the  best  methods  of  prospect- 
ing and  working  the  coal.  Generally  the  largest  areas  of  coal  land 
are  in  the  synclines,  and  where  the  structure  is  of  this  type  the  bed 
is  at  its  greatest  depth  in  the  axis  of  the  fold.  The  coal  bed  is  most 
easily  prospected  around  the  margins  of  such  basins,  but  in  mining 
it  is  usually  most  economical  to  locate  the  main  shaft  at  the  deepest 
place,  so  that  the  loaded  cars  can  be  moved  to  it  by  gravity.  Where 
the  coal  beds  he  deep,  however,  the  value  to  the  prospector  of  recog- 
nizing the  anticlinal  structure  is  of  almost  equal  importance,  for  it  is 
in  the  anticlines  that  he  must  expect  to  find  the  coal  for  which  he  is 
searching  nearest  to  the  surface.  In  general  the  minor  anticlines 
and  synclines  of  the  Arkansas  coal  field  have  approximately  east 
and  west  axes  only  a  few  miles  in  length. 

Bdckbone  anticline. — Probably  the  best  known  antichne  in  the 
whole  district  is  that  in  Backbone  Ridge,  between  Bonanza  and 
Hackett,  which  extends  from  the  State  line  eastward  for  about  7 
miles.  The  coal-bearing  beds  that  outcrop  on  the  north  and  south 
sides  of  this  ridge  are  tilted  at  high  angles,  and  in  its  axis  rocks  lying 
far  below  the  coal  horizons  are  exposed.  (See  fig.  9.)  This  anti- 
cline is  an  unsymmetrical  fold  resembling  the  Ouachita  Mountajn 
type,  and  represents  a  thrust  of  the  rocks  from  the  south  over  those 
on  the  north  side  of  the  ridge.  The  strata  are  broken  along  its  axis 
and  a  well-marked  thrust  fault,  which  at  the  Indian  Territory  bound- 
ary has  a  displacement  of  over  2,000  feet,  has  been  traced  nearly  to 
Greenwood,  7  miles  to  the  east.  The  area  of  marked  folding  also 
ends  here. 

BisweU  HiU  anticline. — Biswell  Hill,  an  eUiptical  domeUke  emi- 
nence northeast  of  Greenwood,  which  is  mantled  over  by  the  Harts- 
home  sandstone,  is  the  topographic  expression  of  a  broad  anticline 
whose  axis  is  parallel  with  and  a  short  distance  northeast  of  the 
east  end  of  the  Backbone  Ridge  anticline.  The  fold  is  slightly 
unsymmetrical  in  that  the  dips  to  the  north  are  higher  than  those  to 
the  south.    Like  the  Backbone  Ridge  anticline,  it  marks  a  barren 
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area  surrounded  by  the  outcrops  of  the  Hartshome  coal,  which  dips 
away  from  it  to  the  north  and  south.  The  structure,  however,  is 
apparently  favorable  for  the  accununulation  of  natural  gas. 

Mdssard  Prairie  anticline. — Another  anticline,  which  is  of  con- 
siderable economic  importance,  since  it  has  been  successfully  ex- 
ploited for  natural  gas,  is  that  at  Massard  Prairie,  5  miles  southeast 
of  Fort  Smith.  The  surface  indications  here  suggest  a  broad  ellipti- 
cal uplift  with  low  dips  to  both  the  north  and  the  south.  The  many 
drill  holes  in  the  axis  of  this  fold  indicate  a  barren  area  sUrroimded 
by  the  outcrop  of  the  Hartshome  coal. 

Montreal  anticline. — Another  anticline  of  some  importance  in  coal 
mining  is  one  which  extends  west  from  Montreal,  in  the  southern 
part  of  Sebastian  County,  to  the  State  line.  This  is  a  very  broad 
fold,  but  it  serves  to  bring  the  Hartshome  coal  horizon  nearer  the 
surface  than  it  is  in  the  region  north  and  south  of  it. 

Hartford  anticline. — The  Hartford  anticUne,  a  broad  fold  whose 
axis  extends  for  several  miles  in  a  northeast-southwest  direction,  is 
of  great  economic  importance,  since  it  brings  the  coal  horizon  within 
easy  reach  from  the  surface.  At  Coops  Prairie,  northeast  of  Hart- 
ford, this  fold  assumes  a  domeUke  structure  almost  ideal  for  the 
accumulation  of  natural  gas.  The  wells  located  here  supply  the  gas 
used  at  Huntington  and  at  the  Mansfield  brick  factories. 

MiU  Creek  Ridge  anticline. — East  of  Greenwood  the  coal  field 
narrows  down  to  a  width  not  exceeding  15  miles,  and  in  this  strip 
there  is  at  many  places  only  one  simple  syncline  from  the  south  side 
of  the  coal  field  to  the  north.  It  comprises,  however,  a  few  minor 
anticlines  which  are  worthy  of  mention.  One  of  these  is  the  Mill 
Creek  Ridge,  which  extends  from  Arbuckle  Island,  in  Sebastian 
County,  to  Roseville,  in  Franklin  County.  This  ridge  belongs  rather 
to  the  northern  edge  of  the  coal  field,  from  which  it  is  not  wholly 
disconnected.  It  is  a  broad,  open  fold  characterized  by  low-dipping 
rocks.  Since  the  rock  which  mantles  this  fold  is  for  the  most  part 
Hartshome  sandstone,  it  can  not  be  regarded  as  coal  land,  though 
its  southern  boundary  marks  the  edge  of  the  coal  fields. 

Game  Hill  anticline. — There  is  also  a  small,  short,  elliptical  anti- 
cHne  in  Logan  County,  extending  westward  from  Caulksville  to 
Branch,  which  is  worthy  of  examination,  since  it  brings  the  Harts- 
liorne  horizon  within  a  few  hundred  feet  of  the  surface.  There  is 
also  some  evidence  here  of  a  fault,  which  will  be  described  later. 

Prairie  View  anticUne. — The  Prairie  View  anticline,  about  10 
miles  east  of  Paris,  appears  to  be  a  broad,  open  fold,  but  of  sufficient 
magnitude  to  bring  up  the  Hartshome  sandstone  and  Atoka  shale, 
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association  with  the  fold  and  the  fact  that  the  downthrow  is  on  the 
north  side  suggests  that  it  is  a  thrust  fault. 

Coal  Hill  anticline, — The  Coal  Hill  anticline  is  a  broad  fold  with 
east  and  west  axis  and  low  dips  to  both  the  north  and  the  south. 
(See  fig.  22.)  It  is  of  considerable  economic  importance,  since  it 
forms  a  barren  area  in  the  heart  of  the  Coal  Hill-Denning  field,  and 
will  be  described  further  in  connection  with  the  coal  beds. 

RusseUville  anticline. — The  Russellville  anticline  is  a  very  broad, 
dome-shaped  upUft,  with  indefinite  axis,  between  the  Ouita  and 
Shinn  coal  basins.  It  is  surrounded  by  the  outcrop  of  the  Harts- 
home  sandstone. 

SYNCLINES. 

The  synclines  of  the  Arkansas  coal  field,  especially  near  the  southern 
edge  of  the  field,  are  apt  to  be  unsymmetrical,  the  beds  on  the  south 
side  having  a  higher  dip  than  those  on  the  north.  Many  of  the  syn- 
clines which  occur  near  the  north  side  of  the  coal  field  are  faulted,  so 
that  only  a  part  of  the  original  fold  is  left.  In  general  the  more  valu- 
able coal  deposits  occur  where  the  structure  is  synclinal. 

Fort  Smith  syncline, — In  the  heart  of  the  syncline  beneath  Fort 
Smith  the  Hartshome  coal  horizon  Ues  at  a  depth  of  700  to  800  feet. 
This  is  a  very  broad  fold,  with  rather  indefinite  axis.  The  strata  dip 
northward  from  Massard  Prairie  at  a  low  angle  to  the  northern  limit 
of  the  city,  beyond  which  the  dips  are  to  the  south. 

Central  syncline, — Another  syncUne  of  greater  importance  extends 
from  the  town  of  Central,  in  Sebastian  County,  southwestward  to  the 
State  boundary.  This  also  is  a  very  broad  and  shallow  trough,  in  the 
deepest  part  of  which  the  Hartshome  horizon  is  probably  not  more 
than  800  feet  below  the  surface. 

Greenwood  syncline. — South  of  Greenwood  there  is  a  more  extensive 
trough  of  this  kind,  which  extends  from  the  boundary  line  at  Hackett 
northeastward  past  Greenwood  for  about  30  miles.  At  its  deepest 
point  in  this  trough,  south  of  Hackett,  the  coal  horizon  does  not 
exceed  800  feet  below  the  surface.  At  Greenwood  the  depth  of  the 
coal  is  not  beyond  600  feet,  while  at  Potato  Hill,  a  prominent  butte  a 
few  miles  east  of  Auburn,  the  coal  horizon  is  at  a  depth  not  less  than 
1,400  feet. 

Sugarloaf  syncline. — The  next  important  syncline  south  of  the 
Greenwood  syncline  may  be  described  as  the  Sugarloaf  syncline,  since 
it  includes  the  two  peaks  of  Sugarloaf  Mountain.  It  is  an  important 
coal  basin,  containing  large  areas  where  the  coal  is  within  easy  reach 
from  the  surface,  though  the  depth  of  the  coal  horizon  below  the  top 
of  the  eastern  peak  of  Sugarloaf  Mountain  is  about  2,000  feet.  East 
of  Himtington  this  syncline  has  no  economic  importance,  since  the 
rocks  exposed  are  below  the  coal  horizon. 

Poteau  syncline. — Poteau  and  Whiteoak  mountains  mark  the  axis 
of  a  syncline  in  the  center  of  which  the  coal  horizon  must  be  at  great 
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depth,  since  the  rocks  exposed  on  the  surface  all  have  comparatively 
high  dips. 

Paris  syncline. — In  the  central  part  of  the  field  there  is  a  broad  and 
very  deep  sjmcline  underlying  the  town  of  Paris,  at  which  place  the 
depth  of  the  Hartshome  coal  horizon  is  about  1,200  feet.  This  basin 
is  unsyinmetrical  in  that  the  rocks  at  the  southern  edge  stand  vertica 
and  are  sometimes  slightly  overturned,  while  those  at  the  northern 
edge  have  only  very  gentle  dips.  East  of  Paris  the  syncline  is  con- 
stricted to  a  comparatively  narrow  trough,  which  extends  eastward 
for  several  miles  south  of  the  Prairie  View  anticline. 

Prairie  View  syncline, — The  Prairie  View  syncline  is  a  broad  basin, 
with  east-west  axis,  including  the  Prairie  View  coal  field.  Its  struc- 
ture is  shown  in  fig.  24,  and  it  will  be  further  described  in  connection 
with  the  coal  beds. 

Cabin  Creek  syncline. — The  Cabin  Creek  syncline  is  a  very  broad 
basin,  whose  longer  axis  extends  from  Clarksville  southeastward 
nearly  to  Knoxville.  The  dips,  both  north  and  south,  are  low  and 
practically  symmetrical.  In  its  axis  the  Hartshome  coal  horizon  is 
from  600  to  700  feet  below  the  surface. 

Ijondon  basin. — Near  its  east  end  the  coal  field  narrows  down  to  a 
single  broad  synclinal  basin  with  rather  indefinite  axis,  which  may  be 
described  as  the  London  basin.  This  syncline  lies  between  the  ends  of 
the  Prairie  View  and  RussellviUe  anticlines,  and  its  structxire  is  not 
well  known,  for  the  surface  is  largely  covered  with  alluvial  deposits. 
The  Hartshome  coal  horizon  is  probably  600  to  800  feet  below  the 
surface  in  its  deepest  part. 

Ouita  and  Shinn  basins. — The  London  basin  apparently  divides  at 
its  west  end,  one  limb  passing  north  of  the  RussellviUe  anticline,  where 
it  is  known  as  the  Ouita  basin,  the  other,  which  passes  south  of  Russell- 
viUe, being  the  Shinn  basin. 

The  Ouita  basin  is  a  shallow  flexure  from  which  the  coal-bearing 
rocks  extend  westward  in  depth  and  are  continuous  with  those  of  the 
London  basin. 

The  Shinn  basin  is  a  comparatively  sharp  fold  carrying  the  coal 
horizon  to  a  depth  of  600  feet.  The  coal-bearing  rocks,  however,  are 
not  connected  with  those  of  the  London  basin,  an  area  of  barren  rocks 
intervening. 

FAULTS. 

General  types. — The  term  fault,  in  the  geologic  sense,  is  applied  only 
to  a  break  or  fracture  of  the  earth's  crust  along  which  there  has  been 
some  displacement  of  the  rocks.  It  is  often  used  by  coal  miners  and 
onorators  in  Arkansas  to  sipnifv  orimnal  defects  in  the  coal,  marked 
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It  has  already  been  shown  that  the  Arkansas  coal  field  exhibits 
both  normal  and  thrust  faults,  whereby  the  rock*  making  up  the 
coal-bearing  series  and  comprising  a  part  of  the  earth's  crust  have 
been  broken  and  displaced.  (See  figs.  9  and  10.)  Where  a  fault  is 
encountered  in  the  mines  the  coal  bed  is  usually  cut  off  abruptly, 
and  it  often  requires  much  labor  and  great  expense  to  find  it  again. 
Indeed,  many  mines  have  been  abandoned  for  this  cause,  and  the 
economic  importance  to  the  mine  operator  of  a  thorough  under- 
standing of  the  nature  of  the  faults  in  his  particular  field  is  very  great. 
Within  this  coal  field  eleven  faults  of  large  proportions  and  a  number 
of  smaller  unimportant  ones  are  known  to  occur,  and  it  is  probable 
that  there  are  other  faults  which  were  not  recognized  in  this  rather 
rapid  reconnaissance.  It  is  not  believed,  however,  that  any  faults 
affecting  the  more  important  parts  of  the  district  have  been  over- 
looked. The  recognition  of  features  of  this  kind  in  a  region  like  the 
Arkansas  coal  field,  where  all  the  rocks  are  similar,  is  very  difficult, 
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Fig.  9.— Diagram  of  Backbone  Ridge  fault. 

and  it  has  often  been  practically  impossible  to  locate  them  with  the 
accuracy  desired.  Therefore  the  position  of  many  of  the  faults  shown 
on  the  map  must  be  regarded  as  only  approximate. 

Backbone  Ridge  fault. — The  best  known  fault  in  the  district  is  that 
along  the  axis  of  Backbone  Ridge.  (See  fig.  9.)  This  displacement 
was  recognized  by  the  geologists  of  the  Arkansas  Survey  and  is  repre- 
sented on  the  geologic  map  published  in  the  preUminary  report  on  the 
coal  field.**  Its  western  end  in  Indian  Territory  has  been  located  by 
J.  A.  Taff.^ 

The  fault  extends  from  the  boundary  eastward  for  about  8  miles 
to  a  j)oint  a  mile  northwest  of  Greenwood.  Measurements  during 
the  past  season  indicate  that  the  displacement  is  approximately 
5,000  feet  near  the  Indian  Territory  line.  The  fault  occurs  in  bar- 
ren rocks  and  does  not  affect  the  economic  development  of  the  field. 

o  Ann.  Rept.  Qeol.  Survey  Arkansas  for  1888,  vol.  3,  map  of  coal  field  (in  pocket),  Little  Rock  Press 
Printing  Co.,  1888.  Winslow,  Arthur,  Geology  of  western  Arkansas:  Bull.  Oeol.  Soc.  America,  vol.  2, 
1801,  fig.  A,  p.  229. 

k  Taff,  Job.  A.,  geology  of  the  eastern  Choctaw  coal  field:  Twenty-first  Ann.  Rept.  U.  S.  Geol.  Survey, 
pt.  2,  igOO,  p.  285. 

10616— Bull.  326—07 4 
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Devils  Backbone  Ridge  and  Pine  Ridge  faulU.^ — Faults  of  similar 
character  probably  also  occur  in  some  places  along  the  soyithjem. 
boundary  of  the  coal  field,  in  what  is  known  as  the  Devils  Backbone 
Ridge  at  Chismville  and  as  Pine  Ridge  farther  east,  t^or  several 
miles  along  this  ridge,  which  is  composed  of  the  Hartshome  sand- 
stone, the  beds  are  slightly  overturned  and  the  rocks  on  the  south 
side  are  very  much  crumpled  and  at  places  broken.  Although  the 
evidence  has  not  been  worked  out  in  the  same  detail  for  this  area  as 
for  Backbone  Ridge,  there  seems  little  doubt  that  thrust  faulting 
has  occurred,  producing  a  certain  amount  of  displacement. 

CauTksville  fauU. — There  is  probably  also  a  small  fault,  with  a 
downthrow  of  50  or  60  feet  on  the  north  side,  extending  from  a  point 
near  Caulksville  to  Branch.  This  fault  would  run  through  the 
prairie  between  Game  Hill  and  Rocky  Hill.  It  is  probably  of  very 
little  economic  importance,  and  would  not  interfere  seriously  with 
mining  operations. 

Prairie  ViewfauU, — The  Prairie  View  fault,  which  has  already  been 
mentioned  in  connection  with  the  Prairie  View  anticline,  extends 
from  sec.  25,  T.  8  N.,  R.  25  W.,  eastward  for  about  7  milesto  Arkan- 
sas River.  The  downthrow  is  to  the  north  and  the  displacement  is 
not  less  than  500  feet.  This  fault  cuts  off  and  defines  the  southern 
limit  of  what  is  called  the  Prairie  View  coal  field.  The  evidences  of 
disturbance  here  shown  by  drill  records  and  surface  geology  are  very 
conclusive,  but  there  is  nothing  to  show  the  character  of  the  fault, 
though  its  association  with  moderate  folds  and  its  proximity  to  Pine 
Ridge,  which  marks  a  well-developed  fold,  would  suggest  that  it  is 
due  to  overthrust. 

Faults  which  occur  along  the  northern  edge  of  the  coal  field  are 
much  more  difficult  to  discover;  the  evidence  regarding  their  exist- 
ence is  obscure,  and  they  are  very  troublesome  to  the  geologist  who 
attempts  to  interpret  the  structure  of  the  coal  field.  They  are,  how- 
ever, much  more  troublesome  and  have  been  a  source  of  great  expense 
to  those  who  have  attempted  to  operate  coal  mines  in  this  region. 
These  faults  are  all  of  normal  type;  they  are  not  accompanied  by 
folds,  and  most  of  them  extend  in  an  approximately  east-west  direc- 
tion. At  their  extremities  the  displacement  gradually  grows  less 
and  disappears,  so  that  the  beds  can  be  traced  continuously  around 
the  ends.  In  some  of  these  faults,  however,  sandstone  beds  are 
brought  against  other  sandstones,  shales  against  shales,  so  that  it  is 
only  by  the  most  careful  study  that  the  displacement  can  be  recog- 
nized or  its  nature  determined. 

Glarlcsville  fault. — One  of  the  first  of  these  faults  discovered  during 
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Lutherville  westward  for  about  15  miles,  and  probably  dies  out  a 
mile  or  so  northwest  of  Clarksville.  Through  this  distance  the  exact 
line  of  the  fault  could  not  be  located  with  certainty  in  the  time  avail- 
able. A  few  miles  east  of  Clarksville  sandstone  belonging  to  the 
Fort  Smith  formation  is  dropped  down  and  brought  into  contact 
with  the  Hartshome  sandstone,  showing  that  the  displacement  is  not 
less  than  500  feet.  (See  fig.  10.)  At  the  contact  the  two  sandstone 
beds  are  not  easily  distinguishable,  and  in  making  a  circuit  north- 
eastward from  Clarksville  across  this  fault,  thence  west  for  a  few 
miles,  and  then  south,  the  geologist  is  bewildered  by  finding  that  the 
sandstone  which  he  must  believe  is  still  in  the  Fort  Smith  formation 
dips  under  the  Spadra  shale. 

North  of  this  fault  the  rocks  below  the  coal  horizon  are  raised  and 
the  coal-bearing  rocks  washed  away  except  in  small  local  basins. 
The  economic  importance  of  the  fault,  therefore,  is  very  great. 


Fio.  10.— Diagram  of  Clarksville  fault  at  a  point  2*  miles  east  of  Clarksville,  illustrating  tjrpe  of  fault- 
ing common  in  the  northern  part  of  the  coal  field.  1,  Fort  Smith  fonnation;  2,  Hartshome  sand- 
stone; 3,  Spadra  shale;  4,  Atoka  formation. 

Big  Danger  faulL^Anothev  fault  which  lies  south  of  Clarksville 
and  affects  the  value  of  the  Spadra  coal  field  will  be  called  the  Big 
Danger  fault  from  the  fact  that  the  best  surficial  evidence  of  the 
existence  of  a  fault  is  found  at  the  south  base  of  Big  Danger  Hill,  in 
sec.  23,  T.  9  N.,  R.  23  W.  From  that  point  the  fault  extends  west- 
ward for  a  total  distance  of  10  miles.  From  Spadra  west  it  is  paral- 
lel with  and  about  a  quarter  of  a  mile  south  of  the  line  of  the  Iron 
Mountain  Railway.  It  is  a  normal  fault,  with  the  downthrow  on 
the  south  side.  The  amoimt  of  displacement  is  indicated  by  a  drill 
hole  to  be  about  270  feet  opposite  the  mouth  of  Spadra  Creek  and 
about  300  feet  at  the  east  end  of  Spadra  Hill.  West  of  that  point 
the  displacement  probably  decreases  gradually  and  dies  out  near  the 
west  end  of  Spadra  Hill.  The  economic  importance  of  this  fault  is 
very  great,  since  south  of  it  the  vSpadra  coal  bed  has  been  dropped 
down  so  far  that  it  has  not  yet  been  mined. 
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Spadra  fauU, — The  name  Spadra  is  applied  to  a  fault  which  was 
first  encountered  in  one  of  the  mines  in  the  Spadra  field.  It  was 
afterwards  located  by  a  series  of  drill  holes  at  a  point  a  mile  or  two 
farther  west,  and  its  presence  a  short  distance  east  of  Hartman  is 
indicated  by  the  results  of  drilling.  Its  extension  from  Hartman  in 
a  southwesterly  direction  is  based  wholly  on  a  study  of  the  outcrops. 
The  evidence  is  as  follows:  A  pronounced  escarpment  extending 
southwestward  from  Hartman  for  a  distance  of  about  4  miles  marks 
the  boundary  of  the  river  bottom  lands.  Bed-rock  exposures  along 
this  scarp  are  favorable  for  study,  and  since  a  branch  of  the  Iron  Moun- 
tain Railway  follows  its  base,  indications  of  disturbance  are  to  be 
seen  at  many  places.  The  occurrence  of  the  coal  bed,  as  well  as 
the  surface  distribution  of  the  various  other  formations  as  far  as  they 
are  known,  can  hardly  be  accounted  for  on  any  other  hypothesis 
than  that  the  Spadra  fault  follows  the  line  of  this  escarpment  after 
passing  Hartman.  This  is  a  normal  fault  with  downthrow  to  the 
south,  the  coal  bed  being  raised  on  the  north  side.  At  its  eastern 
end,  where  the  fault  was  first  encountered  in  one  of  the  mines,  the 
displacement  is  only  a  few  feet,  and,  although  it  is  reported  to  have 
caused  great  consternation  at  first,  the  coal  was  soon  located  again 
on  the  other  side,  and  there  was  very  little  loss.  It  has  not  been 
encountered  elsewhere  in  the  mines,  for  the  reason  that  none  of 
them  have  extended  their  workings  so  as  to  cross  the  supposed  line 
of  the  fault.  About  2  miles  east  of  Hartman  the  displacement,  as 
indicated  l)y  a  reported  drill  hole,  is  not  less  than  200  feet. 

The  recognition  of  this  fault  is  of  the  utmost  importance  in  the 
(economic  development  of  the  Spadra  field,  since  it  indicates  the  pos- 
sibility of  coal  in  a  large  area  south  of  Hartman,  heretofore  regarded 
as  barren. 

Hartman  fault. — A  fault  extends  from  a  point  in  sec.  14,  T.  9  N., 
K.  25  W.,  about  1  mile  north  of  Hartman,  in  an  east-northeast 
direction  through  sec.  10,  T.  9  N.,  R.  24  W.,  for  a  distance  of  4  miles. 
It  differs  from  the  two  faults  just  described  in  that  the  downthrow 
is  on  the  north  side.  The  fault  was  first  encountered  in  the  workings 
of  the  old  Allen ^  slope  about  \\  miles  northeast  of  Hartman.  It  is 
reported  that  at  tliis  place  the  coal  was  followed  down  a  slope  to  the 
south  until  the  bed  ended  abmptly  against  a  wall  of  sandstone. 
Although  the  mine  has  been  abandoned  for  many  years,  the  surface  indi- 
cations verify  this  report.  The  fault  is  traceable  from  the  old  mine  west- 
ward across  Horsehead  Creek  to  a  point  north  of  Hartman,  where  a 
sandstone,  presumably  the  Hartshome,  has  been  followed  contin- 
uously around  its  western  end.  East  of  the  old  Allen  mine  the 
pvflrt  nosifinn  of  thp  fault  roiild  not  ho  IriPRtprl  nor  its  extent  deter- 
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the  point  of  original  discovery  is  about  200  feet.  The  effect  of  this 
fault  is  to  raise  a  part  of  the  Hartshome  sandstone  and  Atoka  shale 
south  of  the  Allen  mine  and  to  produce  a  tongue  of  barren  ground 
which  extends  from  Hartman  northeastward  into  the  heart  of  the 
Spadra  field. 

Coal  HiU  fault, — The  Coal  Hill  fault  extends  westward  from  a 
point  1 J  miles  east  of  the  town  of  Coal  Hill  to  a  point  about  midway 
between  the  towns  of  Altus  and  Denning.  It  is  of  the  same  type  as 
the  Spadra  fault;  the  downthrow  is  on  the  south  side  and  the  max- 
imum amount  of  displacement  is  not  less  than  200  feet.  The  effect 
of  the  fault  is  to  bring  the  shale  which  underUes  the  Hartshome 
sandstone  in  contact  with  the  Spadra  shale.  Anyone  examining 
this  field  casually  would  be  justified  in  the  opinion  that  the  coal  bed 
mined  between  Coal  Hill  and  Denning  extends  northward  and  passes 
under  the  Pond  Creek  Hills.  The  existence  of  this  fault  is  indicated 
by  the  evident  displacement  of  sandstone  beds  which  are  found  to 
be  identical  at  its  ends.  It  is  also  proved  l)y  numerous  drill  holes 
within  the  coal  field.  A  rather  remarkable  and  significant  condition 
in  this  field  is  that  the  workings  of  the  various  mines  between  Coal 
Hill  and  Denning  all  lie  south  of  a  rather  definite  east  and  west  line, 
although  there  is  no  topographic  or  other  evidence  of  the  discontin- 
uance of  the  coal  bed  to  be  seen  on  the  surface.  It  is  generally 
reported  that  the  coal  bed  is  divided  by  a  thick  shale  parting  near 
the  fault,  so  that  the  workings  are  usually  abandoned  before  the 
actual  break  is  reached.  In  a  few  of  the  mines,  however,  the  fault 
has  been  actually  observed,  though  at  present  none  of  the  workings 
which  approach  it  are  accessible.  In  one  or  two  instances  where 
the  fault  plane  was  reached  the  coal  bed  is  reported  to  be  dragged 
upward  slightly,  indicating  the  direction  of  the  movement. 

Alius  fauU. — A  fault  believed  to  pass  through  the  town  of  Altus 
also  extends  in  an  east  and  west  direction.  Its  existence  is  inferred 
from  the  distribution  of  geologic  formations  on  the  surface,  although 
its  exact  location  was  not  determined  at  any  point  on  the  ground. 
The  Hartshome  sandstone,  which  mantles  the  hill  south  of  Altus  at 
an  elevation  of  about  600  feet,  is  raised  by  this  fault  so  that  it  also 
caps  Catholic  Hill,  north  of  the  town,  at  an  elevation  of  900  feet. 
This  fault  is  of  the  same  type  as  the  Coal  Hill  fault,  with  which  it  is 
parallel,  and  it  probably  takes  up  the  displacement  where  the  latter 
dies  out. 

MiU  Creek  fauU, — The  Mill  Creek  fault  apparently  extends  from 
Arkansas  River  at  Arbuckle  Island  eastward  to  sec.  24,  T.  9  N., 
R.  28  W.  Mill  Creek,  which  flows  nearly  due  west  from  the  latter 
point,  follows  a  valley  whose  position  is  determined  by  the  fault. 
The  downthrow  of  this  fault  is  to  the  north,  and  in  this  respect  it 
differs  from  most  of  the  faults  of  the  northern  part  of  the  coalfield. 
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The  total  amount  of  displacement,  which  can  be  easily  measured, 
since  the  Hartshome  sandstone  caps  the  hills  on  both  sides  of  Mill 
Creek  valley,  probably  does  not  exceed  200  feet  at  any  point.  This 
fault  has  little  economic  significance,  since  it  is  not  believed  that  any 
coal  beds  large  enough  to  work  are  affected  by  it. 

Massard  fauU. — There  is  evidence  of  a  fault  near  the  mouth  of 
Massard  Creek  about  7  miles  southeast  of  Fort  Smith.  Its  direction 
and  linear  extent  could  not  be  determined  on  account  of  imperfect 
geologic  exposures,  though  at  the  point  mentioned  a  lower  bed  of 
the  Fort  Smith  formation  is  dropped  down  and  brought  in  contact 
with  the  Hartshome  sandstone,  thus  indicating  a  displacement  of  at 
least  400  feet.  In  this  case  the  downthrow  is  on  the  south  side,  like 
most  of  the  northern  faults.  The  course  of  the  fault  seems  to  be 
approximately  northeast  and  southwest.  Although  the  fault  could 
not  be  located  for  more  than  a  quarter  of  a  mile  there  are'  some  in- 
dications of  disturbance  in  Massard  Prairie  southeast  of  the  gas 
wells  in  sec.  1,  T.  7  N.,  R.  32  W.,  and  at  the  Indian  Territory  boun- 
dary 1  mile  southwest  of  Cavanaugh.  These  conditions  would  be 
explained  by  the  continuance  of  this  fault  from  the  mouth  of  Mas- 
sard Creek  southwestward  through  Massard  Prairie  and  thence  west- 
ward to  the  Indian  Territory  line.  The  evidence  at  hand  for  such  a 
fault,  however,  can  not  be  regarded  as  in  any  way  conclusive,  and 
the  proximity  of  the  gas  wells  on  Massard  Prairie  seems  to  be  prima 
facie  evidence  against  the  existence  of  a  fault  in  the  position  men- 
tioned. The  position  of  the  Massard  fault  can  be  proved  only  by 
systematic  drilling,  and  therefore  it  has  not  been  indicated  on  the 
geologic  map  except  for  a  short  distance  at  the  mouth  of  Massard 
Creek. 

Mulberry  fault, — One  of  the  most  extensive  faults  or  systems  of 
faults  recognized  in  the  coal  field  extends  from  a  point  a  few  miles 
north  of  the  town  of  Mulberry"  southwestward  past  the  town  of  Van 
Buren  and  for  a  distance  of  about  15  miles  into  Indian  Territor}^.^ 
The  east  end  of  this  fault  near  Mulberry  has  already  been  mapped 
by  Purdue,  since  it  extends  into  the  area  covered  by  the  Winslow 
quadrangle.  At  this  point  the  evidence  regarding  the  existence  of  a 
fault  seems  to  be  conclusive.  Its  course  westward  is  marked  through 
a  considerable  part  of  the  distance  by  a  prominent  escarpment.  For 
several  miles  between  Alma  and  Van  Buren  the  evidence  of  the 
existence  of  a  fault  is  not  conclusive,  and  it  is  possible  that  the  move- 
ment is  taken  up  in  a  monoclinal  fold.  The  possible  position  of  the 
fault  is  indicated  by  dotted  lines.  At  the  town  of  Van  Buren  the 
amount  of  the  displacement  can  not  be  less  than  300  feet,  while  it 
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stone  and  shale  of  the  coal-bearing  rocks  are  brought  in  contact 
>%ith  some  of  the  lower  shale  of  the  Wmslow  formation,  and  on  super- 
ficial examination  the  conclusion  would  be  justified  that  the  cdei- 
bearing  rocks  continue  northwjird,  passing  under  the  Van  Buren' 
HUls. 

This  fault  has  a  number  of  economic  bearings.  First,  it  Umits  the 
area  of  the  coal-bearing  rocks  on  the  north.  Although  it  is  not 
known  that  the  rocks  of  this  group  here  carry  any  coal  beds  of  com- 
mercial value,  it  is  possible  that  valuable  coal  beds  may  be  found  in 
them.  Second,  the  people  of  Fort  Smith  and  Van  Buren  have  been 
accustomed  to  regard  those  towns  as  lying  in  the  center  of  a  syn- 
clinal trough,  and  to  beUeve  that  the  Winslow  sandstone  dips  under 
them  from  the  Boston  Mountains.  If  penetrated  by  deep  wells  these 
rocks  could  therefore  be  expected  to  yield  a  flow  of  good  artesian 
water  in  place  of  the  present  upisatisfactory  supply.  The  existence 
of  a  fault  here  is  an  unfortunate  thing  for  this  hope,  since  it  is  hardly 
conceivable  that  artesian  water  would  pass  across  it.  A  number  of 
deep  wells  which  have  been  drilled  near  Fort  Smith  have  failed  to 
produce  artesian  water,  and  this  failure  may  well  be  accounted  for 
by  the  presence  of  the  fault. 

MINOR  STRUCTURAL  FEATURES. 

Joints. — Nearly  all  the  harder  rocks,  especially  the  thin  beds  of 
hard  sandstone  included  in  the  shale,  show  on  weathering  a  system 
of  jointing  characteristic  of  this  field.  The  prevailing  joints,  which 
are  developed  with  great  regularity,  are  nearly  vertical  and  invari- 
ably strike  a  few  degrees  west  of  north,  regardless  of  other  more 
dominant  structures.  Secondary  irregular  joints  extend  at  right 
angles  to  these,  and  the  two  sets  often  give  thin  flat-lying  sandstone 
beds  the  appearance  of  artificially  laid  paving  stones.  The  intervals 
between  the  joints  of  the  prevailing  system  vary  from  2  or  3  inches 
to  several  feet,  and  advantage  is  taken  of  the  joints  in  quarrying  the 
rock,  as  shown  in  PI.  IV,  B.  This  jointing  is  best  developed  in  thin, 
regularly  bedded  sandstones  and  harder  shales.  It  is  somewhat 
irregular  and  obscure  in  the  more  massive  cross-bedded  sandstones, 
and  can  not  be  recognized  at  all  in  the  softer  shales.  The  coal  beds 
generally  do  not  show  it,  even  though  it  may  be  very  well  developed 
in  sandstone  beds  a  short  distance  above  or  below.  In  some  places 
where  coal  beds  have  sandstone  roofs  or  floors  the  regular  joints  are 
confined  to  these  rocks  where  they  are  well  developed  and  do  not 
extend  into  the  coal.  Nearly  all  the  coal  beds  have  a  somewhat 
irregular  vertical  cleavage. 

The  average  strike  of  the  prevailing  joints  in  the  west  end  of  the 
coal  field  is  15°  west  of  north,  while  in  the  east  end  it  is  5°  west  of 
north,  and  in  other  parts  it  is  intermediate  between  these  two  direc- 
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tions.  In  any  given  locality  the  variations  in  direction  are  so  small 
as  to  be  difficult  of  detection  even  with  a  pocket  compass,  and,  indeed, 
the  joints  are  neariy  as  reliable  for  giving  direction  as  such  an  instru- 
ment. In  one  instance  which  came  under  the  writer's  observation 
they  were  used  in  place  of  a  sun  dial  for  giving  the  time  of  day  and 
were  described  as  the  "eleven  o'clock  marks/'  In  geologic  investi- 
gations when  there  is  doubt  as  to  whether  certain  rocks  are  outcrops 
or  detached  bowlders  the  direction  of  the  prevailing  joints  will  often 
be  sufficient  evidence  to  settle  the  question. 

Miniature  folds. — Another  structural  feature  of  minor  importance 
very  often  seen  in  the  coal  field  consists  of  small  local  folds  or  buckles 
in  some  of  the  beds,  especially  in  the  weathered  zone  near  the  surface. 
Such  small  folds  are  usually  anticUnal  in  form,  and  where  encoun- 
tered in  mines  and  strip  pits  are  sometimes  called  rolls.  In  a  few 
instances  such  folds  are  accompanied  by  apparent  faults,  though 
such  occurrences  are  relatively  rare."  Usually  the  zone  of  disturb- 
ance is  only  a  few  feet  wide,  and  beyond  it  the  beds  affected  continue 
with  perfect  regularity.  In  general,  it  is  not  believed  that  the  flex- 
ures extend  far  in  depth,  since  they  are  very  common  in  such  expo- 
sures as  stream  banks  and  road  cuts,  and  are  rarely,  if  ever,  met  with 
in  deeper  mine  workings. 

M.  R.  Campbell,  while  with  the  U.  S.  Geological  Survey  party  in 
the  Arkansas  field,  examined  a  number  of  these  rolls,  and  in  a  recent 
paper  describing  them  attributes  their  formation  to  expansion  of  the 
surface  rocks  due  to  weathering.* 

H_  25  ft.  -^ 
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Fig.  11.— Minor  structural  features  of  coal  beds.    A,  Miniature  monocline  in  coal  bed  at  Woodson's 
strip  pit;  B,  miniature  syncline  in  mine  of  Fidelity  Fuel  Company.    1,  Sandstone;  2,  shale;  3,  ^oal. 

Two  such  folds  affecting  coal  beds  are  shown  in  fig.  11.  The  fold 
exposed  at  Woodson's  strip  pit  (fig.  11,  A),  near  Burma,  partakes  of 
the  nature  of  a  fault,  since  the  coal  bed  is  noticeably  displaced  by  it. 
It  is  in  apparent  alignment  with  a  small  fault  exposed  in  the  Branner 
mine  about  half  a  mile  away,  and  may  possibly  be  due  to  the  san.e 
cause.  The  trough  in  the  Fidelity  mine  (fig.  11,  B)  is  imusual  in  that 
the  flexure  is  synclinal. 
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In  general,  the  coal-bearing  rocks  are  subject  to  great  local  varia- 
tion in  dip,  so  that,  while  they  are  thrown  into  broad  anticlines,  and 
synclines  that  are  easily  recognized,  the  limbs  of  these  folds  carry 
minor  anticlines  and  synclines  which  it  is  difBciilt  to  locate  from 
surface  exposures.  Where  encoimtered  in  the  mines,  such  features 
are  often  also  called  rolls,  but  they  are  to  be  distinguished  from  the 
more  local  phenomena  described  above,  since  they  are  due  to  the 
same  stresses  that  produced  the  more  dominant  structures,  and  pre- 
sumably will  extend  in  depth.  The  best  examples  of  structure  of 
this  type,  one  of  which  is  given  in  fig.  15  (p.  53),  were  found  in  the 
Bonanza  and  Jenny  Lind  district,  though  they  are  probably  as  com- 
mon in  some  of  the  other  districts,  where  opportunities  for  investiga- 
tion are  not  so  good. 

ECONOMIC  GEOIiOGY. 

THE  COAL  BEDS. 
DISTRIBUTION. 

Coal  is  by  far  the  most  important  mineral  product  of  this  part  of 
Arkansas,  though  natural  gas,  shale,  and  building  stone  are  also 
utilized.  Prospecting  has  thus  far  failed  to  demonstrate  the  presence 
of  valuable  oil-bearing  sands. 

Coal  beds  large  enough  to  be  worked  occur  at  three  horizons  or 
stratigraphic  positions  in  the  coal-bearing  rocks  of  Arkansas.  These 
rocks  were  deposited  as  sediments  on  the  bottom  of  a  shallow  sea  or 
lake,  and  each  layer  of  sand  or  shale  represents  a  part  of  the  deposit 
made  at  the  same  time.  The  coal  beds  were  formed  from  vegetable 
matter  at  times  when  the  water  became  so  shallow  as  to  permit  the 
growth  of  vegetation  over  its  surface,  shutting  out  the  ordinary  sedi- 
ments. Each  coal  bed,  then,  may  be  regarded  as  representing  a  part 
of  the  actual  surface  of  the  earth  at  some  particular  time,  and  coal  beds 
that  were  formed  at  the  same  time,  although  they  may  never  have 
been  actually  connected  with  each  other,  are  said  to  belong  to  the 
same  horizon. 

For  convenience  in  discussion  the  coal  beds  now  to  be  described 
will  be  grouped  according  to  the  geologic  horizons  at  or  near  which 
they  occur,  namely,  the  horizon  of  the  Hartshorne  coal,  which  takes 
its  name  from  Hartshorne,  Ind.  T.;  that  of  the  Charleston  coal, 
mined  for  local  use  near  Charleston,  Ark.,  and  not  known  to  be  repre- 
sented in  Indian  Territory;  and  that  of  the  Paris  coal,  which  in  all 
probability  corresponds  approximately  to  the  McAlester  coal  of 
Indian  Territory. 

The  stratigraphic  positions  of  these  horizons  are  shown  in  PI.  I. 
Nearly  all  the  various  coals  mined  in  Arkansas  can  be  correlated  with 
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one  or  another  of  these  horizons.  There  is,  however,  still  some  doubt 
regarding  the  exact  correlation  of  the  Pickartz  and  Philpott  coal  beds, 
which  lie  north  of  the  main  body  of  the  coal  field  as  outlined,  and  it  is 
possible  that  one  of  them  may  not  be  represented  elsewhere  in 
Arkansas.  Small  coal  beds,  some  of  which  have  been  mined  for 
neighborhood  use,  are  also  known  to  occur  locally  at  many  places  in 
rocks  which  lie  below  the  Hartshome  sandstone,  and  it  is  possible 
that  future  development  will  establish  the  fact  that  there  are  small 
areas  of  valuable  coal  at  other  horizons  than  those  noted. 

COALS   OF   THE    HARTSHORNE    HORIZON. 
CHARACTER   AND   DISTRIBUTION. 

The  coal  beds  which  occur  at  or  near  the  horizon  of  the  Hartshome 
coal  are  economically  the  most  important  in  both  Indian  Territory 
and  Arkansas.  This  horizon  is  at  the  contact  of  the  Hartshome 
sandstone  with  the  Spadra  shale,  and  in  general  the  coal  bed  is  taken 
as  the  line  of  demarcation  between  these  formations.  As  actually 
observed,  however,  there  is  from  a  few  inches  to  20  or  30  feet  of  shale 
or  fire  clay  between  the  coal  bed  and  the  sandstone,  a  condition 
due  to  local  variations  either  in  the  character  of  the  upper  part  of  the 
sandstone  formation  or  in  the  exact  position  of  the  coal  itself.  In 
many  places  in  its  lower  part  the  Spadra  shale  is  somewhat  sandy, 
and  contains  lenses  of  hard  sandstone,  which  lie  immediately  above 
the  coal  bed.  For  this  reason  the  exact  contact  of  the  Hartshome 
with  the  Spadra  formation  is  at  some  places  difficult  to  determine, 
and  it  is  probable  that  in  some  localities  where  the  outcrop  of  the  coal 
bed  could  not  be  found  there  have  been  minor  errors  in  mapping. 
The  Hartshome  sandstone,  which  is  usually  called  *^bed  rock"  in 
Arkansas,  also  varies  greatly  in  character  and  thickness  in  different 
parts  of  the  field.  Wliile  typically  a  hard  rock  over  100  feet  thick, 
described  in  drill  sections  as  granite,  in  places  it  contains  less  than 
10  feet  of  hard  rock  and  in  some  localities  is  represented  only  by 
sandy  shale  or  by  irregular  thin  lenses  of  hard  sandstone  distributed 
through  15  or  20  feet  of  sandy  shale,  making  it  difficult  to  recognize 
except  by  its  stratigraphic  position.  It  has  not  been  identified  at  all 
in  the  northern  part  of  the  Indian  Territory  field. 

The  extent  and  distribution  of  the  Hartshome  coal  horizon,  as  rep- 
resented in  the  rocks  of  Arkansas,  is  seen  in  the  outline  map,  fig.  12, 
which  shows  approximately  the  extent  of  the  Arkansas  coal  field. 
The  coal  bed  is  subject  to  great  local  variation  in  thickness  and  char- 
acter.    Partings  come  and  go  without  reference  to  any  known  rule. 
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and  in  some  parts  of  the  field  the  coal  is  entirely  absent.  Those  areas 
in  which  there  is  reason  ta  believe  that  the  coal  is  sufficiently  thick  for 
mining  are  indicated  in  fig.  12.  The  local  conditions  and  variations  of 
this  bed  are  best  described  under  the  headings  of  the  various  districts 
in  which  it  is  mined. 

The  area  north  of  Backbone  Ridge,  in  the  western  end  of  the  field, 
will  be  described  as  one  district,  since  the  coal  bed  throughout  this 
area  exhibits  a  general  similarity  in  character.  The  region  south 
of  Backbone   Ridge  is  best  described  under  several   headings   on 


Coal  horizon 


Areas  of  known  economic 
value 


FlQ.  12.— Distribution  of  Hartshome  coal  horizon  and  areas  in  wiiich  tiie  coal  Is  known  to  be  of 

economic  value. 

account  of  the  local  variations  in  the  coal  bed,  though  the  mine 
workings  are  almost  continuous.  The  various  districts  where  coal 
is  mined  in  the  eastern  end  of  the  field  are  isolated  from  one  another. 


BONANZA    AND  JENNY   LIND   DISTRICT. 


The  district  north  of  Backbone  Ridge,  in  Sebastian  County, 
includes  several  important  mines,  which  are  located  along  the  south- 
em  outcrop  of  the  coal  bed  near  the  towns  of  Bonanza  and  Jenny 
Lind.  The  position  of  the  outcrop  here  is  indicated  by  the  Harts- 
home  sandstone,  which  is  easily  traced  along  the  north  side  of  Back- 
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bone  Ridge  and  Biswell  Hill  to  Oak  Valley,  where  it  turns  southward 
and  connects  with  the  sandstone  that  underlies  the  coal  at  Green- 
wood and  Hackett.  From  its  southern  outcrop  at  Jenny  Lind  the 
coal  dips  northward  at  an  average  angle  of  approximately  2^°  for 
about  3  miles,  where  it  is  from  600  to  900  feet  below  the  surface.  It 
then  rises  with  a  still  more  gentle  slope  and  outcrops  at  several 
points  on  Massard  Prairie,  from  which  it  dips  northward  again  and 
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Tennessee  Rid^e 


Fio.  13.— Diagram  showing  relation  of  topography  to  geologic  structure  at  Long  Prairie  near  Jenny 
Lind.    1.  Sandstone;  2,  shale;  3,  coal. 

passes  under  Fort  Smith.  The  areas  in  which  the  coal  is  near  the 
surface  in  this  district  are  indicated  by  the  extent  of  Long  and  Mas- 
sard  prairies.  Long  Prairie  at  Jenny  Lind  is  a  broad  lowland,  bounded 
on  the  soutli  side  by  Long  Ridge  and  on  the  north  by  Tennessee 
Ridge,  the  former  being  the  topographic  expression  of  the  Harts- 
home  sandstone,  which  underlies  the  coal,  the  latter  that   of  the 
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MassarO   Prairie 


Fig.  14.— Diagram  showing  relation  of  topography  to  geologic  structure  at  Massard  Prairie.  Section 
along  road  from  Fort  Smith  to  (Jreenwood.  The  gas  wells  are  located  in  the  center.  1,  Shale; 
2,  .sandstone. 

lower  member  of  the  Fort  Smith  formation.     The  relation  of  this 
prairie  to  the  bod-rock  structure  is  shown  in  the  sketch,  fig.  13. 

Massard  Prairie  is  surrounded  by  the  outcrops  of  a  sandstone  bed 
correlated  with  that  of  Tennessee  Ridge,  the  relations  of  topography 
to  bed-rock  structure  being  shown  in  fig.  14.  The  coal  bed  which 
outcrops  in  the  center  of  this  prairie  is  probably  the  same  as  that  at 
Jenny  Lind  and  Bonanza,  though  the  Hartshorne  sandstone  is  rep- 
resented by  a  bed  not  over  15  feet  thick. 
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In  the  basin  north  of  Jenny  Lind  the  greatest  depth  to  coal  probably 
does  not  exceed  800  feet,  while  in  a  large  part  of  the  district  it  iflT 
within  500  feet  of  the  surface.  At  Central,  a  small  town  about  6 
miles  northeast  of  Jenny  Lind,  coal  has  been  mined  from  a  smallei* 
bed,  estimated  to  lie  about  850  feet  above  the  Hartshome  coal, 
which  will  be  described  later  in  connection  with  the  Charieston 
horizon.  The  nature  of  the  coal  bed  is  best  shown  in  this  district 
along  the  outcrop  between  Bonanza  and  Jenny  Lind,  where  it  has 
been  mined  for  about  2^  miles  northward  from  the  outcrop.  It  is 
thick  enough  for  mining  along  this  crop  line  for  about  10  miles, 
nearly  all  the  way  from  Bonanza  to  Oak  Valley  post-office,  beyond 
which  point  it  is  reported  to  be  too  thin  for  mining  and  to  be  divided 
by  partings.  In  general  the  bed  consists  of  two  benches  of  coal, 
with  a  shale  parting  near  the  center.  Some  of  its  local  variations 
are  shown  by  the  sections  presented  in  fig.  16.     At  the  most  eastern 
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Fig.  15.— Profile  of  coal  bed  at  Jenny  Lind,  showing  variations  in  dip. 

point  at  which  the  coal  has  been  measured  it  has  a  thicknass  of  2 
feet,  with  a  small  parting  at  the  center. 

At  Bonanza  the  Central  Coal  and  Coke  Company  of  Kansas  City 
has  two  mines,  and  near  Jenny  Lind  there  are  two  active  mines  oper- 
ated by  the  Western  Coal  and  Mining  Company.  East  of  Jenny 
Lind  several  strip  pits  and  banks  have  been  mined  for  local  use.  the 
Bostick  bank,  in  sec.  13,  T.  8  N.,  R.  31  W.,  being  the  most  eastern  point. 

In  the  underground  workings  of  the  mines  there  is  considerable 
irregularity  in  the  dip  of  the  coal  north  of  the  crop  line.  In  some 
places  along  its  outcrop  the  coal  dips  northward  at  angles  as  high 
as  15°,  but  after  reaching  a  certain  depth  the  dip  flattens  rather 
abruptly,  and  in  some  places  is  locally  reversed  before  it  again  dips 
to  the  north.  This  condition  in  mine  No.  17  at  Jenny  Lind  is  shown 
graphically  in  fig.  15. 

The  relative  thickness  and  the  variations  of  the  coal  benches 
and  partings  in  the  mines   along  the  outcrop  in  this  district  are 


54 


THE   ARKANSAS    COAL   FIELD. 


shown  in  the  sections  presented  in  fig.  16.  The  coal  is  thickest  in  a 
mine  about  one-half  mile  northwest  of  the  town  of  Jenny  lind.  From 
this  mine  it  gradually  thins  both  eastward  and  westward,  though 
its  thickness  varies  locally.  In  these  mines  the  only  parting 
actually  rejected  in  mining  is  the  one  that  appears  in  the  center 
of  the  bed  in  all  the  sections  measured.  This  parting  varies  from 
less  than  an  inch  to  over  6  inches  in  thickness.  Although  usually 
shaly,  it  is  variable  in  character,  in  some  places  being  described  as 
a  soft  muck  or  a  hard  sulphur  band.  As  a  general  rule  the  coal  is 
said  to  be  of  better  grade  where  the  bed  is  thin  and  to  contain  more 
impurities  in  the  thicker  part.  For  example,  in  mine  No.  17,  at 
Jenny  Lind,  where  it  has  the  greatest  thickness,  there  is  a  somewhat 
irregular  band  of  bony  coal,  usually  not  above  1  inch  thick,  near 
the  center  of  the  upper  bench.     This  is  referred  to  by  the  miners  as 

the  ''gray  band,"  but  it 
is  not  thrown  out  in  min- 
ing. In  the  same  mine 
there  is  often  a  sulphur 
band  near  the  middle  of 

Bthe  lower  bench.  This 
band  is  irregular  in  its 
occurrence,  but  is  not  of 
sufficient  importance  to 
E  cause  any  part  of  the 
coal  to  be  rejected. 
jpfcei  The  coal  in  the  upper 

bench  in  these  mines  has 
a  somewhat  brighter  lus- 
ter than  that  in  the  lower. 
It  is  not  very  distinctly 
jointed,  and  although  face 
and  butt  slips,  as  they  are  called,  can  be  foimd  on  close  inspec- 
tion, advantage  is  not  taken  of  them  in  mining.'  In  some  locali- 
ties a  definite  system  of  joints,  which  do  not  affect  the  coal,  is 
apparent  in  the  harder  parts  of  the  roof.  The  roof  and  floor  gen- 
erally consist  of  hard,  more  or  less  sandy  shale;  usually  the  floor  is 
a  little  harder  than  the  roof.  Neither  roof  nor  floor  has  any 
features  that  are  especially  unfavorable  to  mining,  though  in  one  of 
the  mines,  No.  18,  near  Jenny  Lind,  parts  of  the  roof  are  likely  to 
fall  out  on  account  of  the  joints. 

The  only  knowledge  we  have  of  the  coal  beyond  the  northern  limit 
of  present  niihing  development  for  a  distance  of  several  miles  is  that 
obtained  by  drilling.     Over  a  comparatively  large  area  here  that  is 


Fig.  10.  (Jniphic  sections  of  coal  along  the  line  of  outcrop 
from  Bonanza  east  to  Oak  Grove.  A.  Mine  No.  12  at  Bo- 
nanza, sec.  3,  T.  G  N..  R.  32  W.;  B,  mine  No.  18,  sec.  36,  T.  7 
N.,  R.  32  W.;  C,  mine  No.  17,  Jenny  Lind,  sec.  32,  T.  7  N.,  R. 
31  W.;  D.  outcrop  on  soo.  34,  T.  7  N.,  R.  31  W.;  E,  Bostick 
bank,  sec.  13.  T.  7  N.,  R.  31  W. 
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About  6  miles  north  of  the  Jenny  Lind  outcrop,  however,  this  coal 
bed  outcrops  again  on  Massard  Prairie,  in  the  center  of  which  there 
is  probably  a  barren  area,  surrounded  by  outcrops  of  the  coal.  Coal 
has  been  mined  from  strip  pits  here  for  an  almost  continuous  dis- 
tance of  about  3  miles,  within  which  it  was  possible  to  measure  the 
coal  bed  and  to  study  its  general  appearance  and  physical  character. 
The  variations  in  the  coal  bed  in  its  extent  northward  from  the 
Jenny  Lind  outcrop  to  the  center  of  Massard  Prairie  are  shown  by 
the  group  of  graphic  sections  presented  in  fig.  17.  Throughout  this 
whole  distance  the  bed  is  characterized  by  two  benches  with  a 
varying  shale  parting  between.  The  coal  bed  may  possibly  become 
progressively  thinner  northward  from  the  Jenny  Lind  outcrop,  but 
the  field  has  not  been  sufficiently  tested  to  demonstrate  whether 
this  is  true  or  not.  Three  of  the  sections  presented  in  fig.  17  were 
measured  at  the  outcrop  of  the  coal  on  Massard  Prairie,  where  it  is 


■ 
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Fig.  17.— Graphic  sections  of  the  coal  bed  from  the  Jenny  I^ind  outcrop  northward  to  Massard  Prairie. 
A,  NW.  \  sec.  21,  T.  7  N.,  R.  31  W.;  B,  NE.  J  sec  19,  T.  7  N.,  R.  31  W.;  C,  NE.  J  sec.  14,  T.  7  N.,  R.  32 
W.;  D,  SE.  i  sec.  9,  T.  7  N.,  R.  32  W.;  E,  NE.  i  sec.  2,  T.  7  N.,  R.  32  W.;  F,  NE.  i  sec.  36,  T.  8  N., 
R.  32  W.;  G,  SW.  i  sec.  30,  T.  8  N.,  R.  31  W. 

rather  too  thin  to  permit  development  on  a  large  scale.  It  is  oper- 
ated, however,  in  a  small  way,  to  supply  local  demand  at  Fort  Smith. 
The  coal  has  a  luster  Uke  that  at  Jenny  Lind.  That  from  the  upper 
bench  is  brighter  but  much  softer  than  that  of  the  lower,  and  is  also 
of  a  much  better  quality.  The  lower  bench  coal  is  high  in  sulphur 
and  ash  and  after  exposure  to  the  air  is  coated  with  a  white  eflSores- 
cence.  A  chemical  analysis  of  coal  from  Massard  Prairie  indicates 
that  it  may  be  of  a  somewhat  higher  grade  chemically  than  that  at 
Jenny  Lind.     (See  table  of  analyses,  p.  98.) 

From  Massard  Prairie  the  coal  dips  northward  at  an  angle  of  from 
1°  to  2°  and  passes  under  the  town  of  Fort  Smith,  where  a  coal  bed 
approximately  2  feet  thick,  which  is  probably  identical  with  this  one, 
has  been  reported  at  a  depth  of  500  feet  in  a  well  drilled  for  gas 
and  oil 
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GREENWOOD  AND  HUNTINGTON    DISTRICT. 

Location  and  extent. — The  Hartshome  coal  bed  is  continuous  over 
an  extensive  region  south  of  Backbone  Ridge  in  Sebastian  County, 
where  a  large  number  of  mines  are  located  along  its  outcrop. 
Although  the  same  bed  is  beUeved  to  extend  over  this  whole  region, 
the  character  of  the  coal  and  pecuUarities  of  the  bed  vary  so  much 
locally  as  to  make  a  number  of  minor  divisions  necessary  in  describ- 
ing it.  In  general  the  whole  region  could  be  divided  into  two  parts 
by  a  Une  running  south-southwest  from  Greenwood — a  western  part 
in  which  the  coal  bed  is  without  partings  and  free  from  excessive 
ash,  and  an  eastern  part  in  which  the  coal  bed  is  thick  but  divided 
and  relatively  impure.  The  local  character  can  be  more  conveniently 
described,  however,  under  headings  which  indicate  the  several  centers 
of  mining  activity. 

Beginning  near  the  Indian  Territory  Une  at  Hackett  the  coal  out- 
crop south  of  Backbone  Ridge  has  been  traced  eastward  for  several 
miles  beyond  Greenwood,  where  it  turns  northward  and  connects 
with  the  outcrop  of  the  coal  mined  at  Bonanza  and  Jenny  Lind. 
From  this  line  of  outcrop  the  bed  dips  southward  into  the  Green- 
wood syncline,  south  of  which  it  rises  and  crops  out  along  the  flank 
of  a  ridge  known  as  Devils  Backbone.  This  ridge,  which  stretches 
for  miles  nearly  east  and  west  in  an  almost  straight  line  and  marks 
the  southern  boundary  of  the  coal  field,  turns  abruptly  southward  a 
few  miles  southwest  of  Greenwood  and  carries  the  coal  outcrop  south- 
ward to  sec.  13,  T.  5  N.,  R.  32  W.,  which  is  in  the  heart  of  a  minor 
anticline  between  Midland  and  Montreal.  The  outcrop  line  then 
turns  eastward,  the  coal  dipping  southward,  and  extends  in  that 
direction  for  several  miles  to  Huntington.  This  town  is  situated  in 
a  syncline,  around  the  end  of  which  the  outcrop  again  turns  west- 
ward, the  coal  dipping  to  the  north,  and  extends  in  a  nearly  straight 
line  to  Hartford,  where  it  again  turns  to  the  east,  swinging  around 
the  Hartford  anticline.  The  coal  bed  east  of  Hartford  was  followed 
for  only  about  10  miles,  to  a  point  where  the  investigation  was  given 
up  because  the  bed,  although  still  of  considerable  size,  was  found  to 
be  so  divided  by  partings  as  to  be  of  no  vahie.  The  coal  dips  to 
the  south  from  the  Hartford  anticline  and  passes  under  Poteau 
Mountain,  on  the  south  flank  of  which  it  again  comes  to  the  surface 
and  outcrops  for  several  miles. 

Character  and  thickness  of  the  coal. — From  the  above  description  it 
will  be  seen  that  the  Greenwood-Huntington  district  covers  a  large 
and  roughly  rectangular  area,  including  several  townsliips  of  land  on 
which  the  almost  continuous  line  of  outcrop  indicates  that  the  coal 
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bed  exists  in  sufficient  size  to  make  it  of  economic  value.  In  a  part 
of  the  district,  notably  that  immediately  east  of  the  towns  of  Montreal 
and  Midland,  there  is  an  upper  coal  bed  from  40  to  60  feet  above  the 
Hartshorne  coal,  which  probably  corresponds  with  the  upper  Harts- 
home  coal  reported  from  many  points  in  Indian  Territory.  Where 
noted  in  Arkansas  the  upper  Hartshorne  coal  is  invariably  an  impure, 
dirty  bed,  broken  by  many  shale  partings,  and  is  probably  nowhere 
of  economic  value.  The  lower  coal  bed  varies  in  thickness  from  a 
minimum  of  about  2  feet  to  a  maximum  of  not  less  than  7  feet.  Its 
floor  is  usually  only  a  short  distance  above  the  hard  beds  of  the 
Hartshorne  sandstone,  but  its  roof  is  variable.  Although  it  generally 
consists  of  shale,  a  heavy  lens  of  hard,  often  cross-bedded,  sandstone, 
having  a  maximum  thickness  of  60  feet,  overHes  the  coal  bed  for 
several  miles  at  Montreal  and  Burma.  In  the  northwestern  part,  of 
the  district  the  bed  is  without  partings  and  is  from  2  to  3i  feet  thick. 
In  the  southeastern  part  it  increases  in  size,  at  places,  to  6  or  7  feet, 
and  is  divided  by  one  or  more  partings  of  shale.  As  a  general  rule 
chemical  analyses  show  that  the  coal  is  of  better  quaUty  in  the  western 
than  in  the  eastern  part  of  the  district. 

The  coal  bed  has  been  opened  in  a  number  of  mines,  small  slopes, 
and  strip  pits  along  the  whole  Une  of  outcrop  described,  and  in  some 
localities  the  workings  have  extended  back  for  as  much  as  IJ  miles. 
Beyond  the  data  obtained  by  these  workings,  however,  the  only 
information  as  to  the  character  of  the  coal  is  that  derived  from  a  few 
scattering  drill  holes.  While  it  can  not  be  said  that  the  whole 
district  has  been  prospected  sufficiently  to  prove  that  it  is  all  under- 
lain by  valuable  deposits  of  coal,  the  evidence  at  hand  seems  to  indi- 
cate that  the  greater  part  is  valuable  coal  land.  The  maximum 
depths  of  the  coal  below  the  surface  will  be  found  beneath  Sugarloaf 
and  Poteau  mountains,  where  the  depth  is  from  1,400  to  2,500  feet. 
On  the  lower  lands  surrounding  Sugarloaf  Mountain  the  coal  probably 
does  not  he  at  a  greater  depth  than  900  feet  at  any  point,  while  its 
average  depth  probably  does  not  exceed  600  feet,  as  indicated  by 
the  distribution  of  formations  shown  on  the  geologic  map  (PL  VI). 
The  various  mines  and  openings  at  which  the  coal  has  been  examined 
may  be  best  described  in  order  following  the  lines  of  outcrop. 

Hdckett  region, — On  the  outcrop  Unes  south  of  Backbone  Ridge 
coal  has  been  mined  at  many  small  openings  between  Hackett  and 
Greenwood  and  from  several  larger  mines  east  of  Greenwood.  The 
Midland  Valley  Railroad  was  located  and  built  as  near  as  possible 
to  this  line  of  outcrop  in  order  to  facilitate  the  marketing  of  the  coal. 
The  thickness  of  bed,  partings,  and  benches,  together  with  their 
10616— Bull.  326-07—5 
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variations  J  ar^  shouii  in  the  series  of  graphic  sections,  %.  ISj  fror 
which  it  \nll  be  seen  that  the  coal  bed  at  the  State  line  consists  of| 
one  bench  of  good  coal  without  partings^  haying  a  thickness  of  31  feet  J 
This  general  condition  of  the  bed  holds  to  ^nthin  a  nule  of  the  toi^TiJ 
of  Greenwood,  east  of  whicli  the  bed  thickens  rapidly  and  is  divided  | 
into  two  or  more  benches  by  shale  partings. 

Samples  and  analyses  of  the  coal  mined  in  the  vicinity  of  HackettI 
and  Excelsior  indicate  that  for  about  8  miles  along  this  outcrop  line' 
the  coal  is  unusually  free  fi'om  ash  and  other  impurities  and  that  its 
eniciency  must  be  comparatively  very  high.  In  this  respect  it 
resembles  the  coals  mined  near  Montreal  and  Midland,  described"^ 
later.  From  Ilackett  to  Excelsior  the  bed  is  without  partings,  and_ 
varies  in  thickness  from  2  to  3(  feet. 


nfeet 


fto.  IS-— Gmphk'  etjeiioriH  ol  coul  flhfiwing  VHrtution^  Hlnn^  oiitcriip  from  liNckuU  laist  through  Qn 
wood  AJid  Fiili>lity\  A .  llackett  CHy  SmoktUuaa  Coal  Compjiny  tuhm,  SiX.  21, T.  6  N.,  A.  TG  W.:  B,  Bnti^^ 
lifld  McWLlliiims  mint%  bm?.  23,  T,  «  N,,  R.  SI  W,:  C,  Sldnnpr  mlnp,  »ec.  !?>  T.  6  N.,  R.  31  W.;  D.  Gn*n- 
WfrtKi  Coftl  iitjtl  Liimlier  Compsn:?'  ttiioe.Mt.  12»  T.  6  K,,  H,  31 W.;  E,  Bunner  mlue,  FldoUty  Coftl  Coui- 
pan)%soc*  fi,  T.  6  N.,  R-  30  W.;  F,  section  at  old  McCoiinetl  pit»  see.  32,  T^  7  N.,  R.  30  W.,  hji  givcti  in 
A  OIL  Kept.  Owi.  Survey  Arkaiuftae,  18SS,  vol.  S,  p.  l(»;  0,  drill  hole,  sec.  14,  T,  7  N.,  R,  30  W. 

The  floor  is  a  sandy  shale  with  a  hard  sandstone  a  short  distance' 
below.     The  roof  generally  is  a  hard  shale,  wliieli  stands  well,  hnt  in 
some  of  tlie  mines  there  is  a  varying  amount  of  draw  slate  abova 
the  coah 

Although  indistinct  jointa  that  form  face  and  butt  slips  in  the  coal 
can  be  recognized  in  nearly  every  niine^  advantage  is  not  taken  o| 
them  in  mining.  The  coal  generally  has  a  bright,  live  luster  and' 
a  somewhat  gi'amdar  fracture.  Coal  was  at  one  time  extensively 
mined  near  the  town  of  Hackett  by  the  Central  Coal  and  Coke  Comi 
jmnv,  hut  the  works  there  are  said  to  have  been  abandoned  on  account" 
of  bad  rot)f.  The  Smojteless  Coal  Company,  of  Hackett,  recently 
aliened  a  new  mine  about  half  a  mile  west  of  the  town,  and  though 
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it  is  reported  that  6  or  8  inches  of  draw  slate  occurs  above  the  bed 
no  difficulty  is  experienced  with  the  roof.  There  are  also  two  or 
three  small  mines  in  operation  near  Excelsior,  and  several  old  slopes 
and  strip  pits  at  other  points.  Many  of  these  mines  are  small  and 
are  worked  by  undercutting  with  the  pick. 

Greenwood  region, — In  several  mines  east  of  Greenwood  the  char- 
acter of  the  coal  bed  differs  from  that  seen  in  mines  near  Hackett, 
the  bed  being  very  much  thicker  but  divided  by  shale  partings,  as 
shown  in  fig.  18.  Analyses  of  the  coal  show  a  much  higher  per- 
centage of  ash  than  that  contained  in  the  coal  of  the  smaller  bed 
at  Hackett.  In  the  mine  of  the  Greenwood  Coal  and  Lumber  Com- 
pany, in  sec.  12,  T.  6  N.,R.31  W.,the  coal  has  a  maximum  thickness 
of  7  feet,  with  a  parting  of  shale  near  the  center  which  varies  in  thick- 
ness from  a  fraction  of  an  inch  to  6  inches.  Two  miles  farther  east, 
at  the  Fidelity  Fuel  Company's  mine,  the  bed  is  nearly  6  feet  thick 
with  a  large  shale  parting  in  the  upper  half. 

East  of  the  mine  of  the  FideUty  Fuel  Company  no  operations 
are  now  in  progress  on  this  bed.  It  was  formerly  worked  about  1 
mile  farther  east,  at  an  opening  known  as  McConnelPs,  which  is  at 
present  abandoned.  The  section  measured  here  by  the  geologists  of 
the  Arkansas  Survey  gives  only  33  inches  of  coal,  with  a  shale  parting 
near  the  top.  Beyond  this  no  measurements  have  been  made  on  the 
outcrop  of  the  coal,  though  it  has  been  occasionally  seen  in  wells 
and  other  accidental  exposures.  Near  Auburn  it  is  reported  to  have 
a  thickness  of  18  inches.  A  diamond-drill  hole  in  sec.  14,  T.  7  N., 
R.  30  W.,  3  miles  north  of  Auburn,  showed  that  this  coal  bed  was 
there  33  inches  thick,  9  inches  of  which  was  reported  as  bone.  East 
of  this  point  the  coal  is  not  exposed  for  many  miles,  and  no  measure- 
ments have  been  made. 

In  all  of  the  mines  and  openings  noted  the  floor  of  the  coal  is 
only  a  few  inches  above  a  bed  of  hard  sandstone,  the  upper  member 
of  the  Hartshome  formation.     The  roof  is  invariably  sandy  shale. 

On  the  outcrop  line  which  follows  Devils  Backbone  Ridge,  south- 
east of  Greenwood,  small  exposures  have  been  found  at  points  sev- 
eral miles  east  of  Greenwood,  the  positions  of  which  are  shown  on 
the  geologic  map.  No  coal  has  been  produced  at  any  of  these 
points,  nor  have  the  coal  beds  been  opened  sufficiently  to  permit 
accurate  measurements.  The  inclosing  rocks  here  are  tilted  at  a 
high  angle,  in  some  places  are  sUghtly  overturned  and  probably 
sheared,  so  that  the  coal  bed  is  probably  more  or  less  crushed. 
Small  amounts  of  coal  have  been  obtained  from  a  strip  pit  in  sec.  18, 
T.  6  N.,  R.  30  W.,  at  a  point  where  Vache  Grasse  Creek  cuts  across 
Backbone  Ridge,  but  the  workings  have  all  been  abandoned,  and  it 
was  impossible  to  learn  the  exact  thickness  of  the  coal  or  the  detail 
of  its  section. 
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Montreal f  Burma,  and  MiMand  regions, — Along  the  outcrop  line 
running  southwest  from  Greenwood  to  Montreal  and  Midland  th 
coal  bed^  as  far  as  known,  is  without  partings,  and  the  quality  of  th 
coal  resemblesi  that  at  Hackett,  Most  of  the  development  is  to 
foimd  near  ilidland,  ahont  10  miles  southwest  of  Greenwood,  though 
the  general  character  of  tJie  bed  and  quality  of  the  coal  through  a 
large  area  seem  to  be  practically  uiiifonn,  as  sho^Ti  by  the  graphic 
sections  presented  in  fig,  19  and  by  the  table  of  analyses. 

About  2  miles  south  west  of  the  tuwn  of  Greenwood  coal  has  been 
mined  recently  from  a  small  slope  on  sec.  21,  T.  6  N,,  R.  31  W.     A 
this  point  the  coal  dips  northward  at  an  angle  of  about  15°  and  has 
thickness  of  24  to  30  inches,  without  partings.     The  same  bed  of  coj 
is  opened  again  at  the  Moran  mine,  a  slope  on  sec,  8,  T,  5  N.,  R.  3 
W.,  where  it  has  a  tluckness  of  40  inches  without  jmrtings.     South 
of  this  puint  there  are  jnany  openings,  Ijoth  new  and  uld,  and  it  is 
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Flc.  Ut— Oraphic  BettkiMs  Mhowlng  vnriiitiotisyrcotil  JhmI  luitl  j-ynf  along  outcrop  in  Mont  nail,  nortnft, 
and  MIdlftnd  ngionfi.  A,  Slopo  on  sec.  2UT*  fl  N..  E.  ai  W.;  H,  Moran  mim,  sec,  %  T,  5  N.,  H,  M  W*: 
C,  Uhy  mlncp  »oc7,*  T.  5  N.,  K*  3L  W;;  D,  Banner  Coal  Company,  sec.  1%  T.  5  N.,  R.  31  W.i  E,  Uonmnn 
Coitl  CarapaiiF,  ««■,  IB,  T.  5  N.,  K,  31  W- ;  F,  Tuniipscod  mine,  boc.  20,  T.  5  N.,  K.  31  W,  -  G,  etrip  pit  on 
«sc  2U  T.  fi  K.,  K.  31  W.  ^^ 

usually  not  difficult  to  trace  the  line  of  outcrop,  although  it  is  obscured^^ 
by  an  overlying  lens  of  sandstone  that  resembles  in  all  respects  the 
Ilartshorne  sandstone  and  has  a  niaxinium  thickness  of  60  feet.     I^H 
general  the  exposures  show  from  2  to  4  feet  of  coal  iWthont  partings.^^ 
The  coal  bed  dips  at  angles  varying  from  1°  to  ]5^.  but  it  seems  to  be 
invariably  true  that  where  the  dip  is  high  at  the  outcrop  it  rapidly 
decreases  and  the  coal  bed  flattens  out  in  depth. 

A  rather  unexpected  variation,  locally  described  as  a  fault,  occur 
near  the  center  of  sec.  20,  T.  5  N.,  R.  31  W,,  in  the  entiy  to  a  smaU 
slope  mine  where  the  coah  which  in  the  mine  has  a  thickness  of  oveii 
3  feet|  very  suddenly  changes  in  character  and  betls  of  shale  abniptlj 
take  its  place,  the  shale  fingering  in  with  lenses  of  coal.  East  of  th 
place  for  a  distance  of  about  1  mile  the  bed,  as  exposed  by  prospect-- 
ing  along  the  outcrop,  consists  for  the  most  part  of  shale  and  bonej 
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contains  very  little  go(jd  t:*>aK  The  cr»al  is  of  good  quality  again 
in  a  strip  pit  near  the  south  line  of  sec.  21,  T*  5  X,,  R.  31  W,,from 
which  point  it  has  been  traced  eastward  to  Huntington,  In  tliis  dis- 
tance the  bed  changes  rapidly,  becoming  very  much  tliicker  and 
being  divided  by  several  partings. 

In  the  vicinity  of  Midland  and  Burma  an  upper  bed  of  coal,  corr^ 
sponding  to  the  upper  Hartshorne  coal  of  Indian  Territoiy,  is  indi- 
cated by  drill  records.  This  bed  averages  60  feet  abov^the  lower 
one.  It  has  a  maximum  tliickness  of  approximatelj^  5  fe^t^  but  is 
generally  shaly  or  bony^  and  in  described  as  a  "dirty  vein."  It  is 
not  mined  anyi\^here  in  Ai^kansas,  though  it  may  be  found  to  be  of 
some  importance  toward  the  Indian  Territory  line. 

Ilnniingt^m.  region, — The  coal  bed  in  the  Huntingt<m  basin  resem- 
bles that  at  Greenwood,  Although  characterized  by  great  thickness 
it  is  divided  by  shale 
partings,  and  chemical 
analyses  of  the  merchant^ 
able  coal  show  that  it 
contains  a  rather  high 
percentage  of  ash.  This 
character  of  the  bed  con- 
tinues sonthw^est  along 
the  outcrop  nearly  to 
Hartford,  where  the  bed 
is  not  divided.  East  of 
Hartford,  on  the  outcrop 
that  has  south  of  the 
;Hartford  anticline,  the 
eti  becomes  so  much 
divided  by  partings  as  to 
be  of  little  value. 

The  variations  in  the 
bed  along  the  outcrop 
from  Huntington  tollart^ 
ford   and  then   eastward 
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Ftq.  3(K-Griiphj(>  aectlcinji  at  c?oiil  hcnl  nJuug  oiitun^p  from 
Huntlngtnn  ihmuph  Itartfont  im  the  Chasteen  flJape.  \. 
Mine  No,  2t  Centml  Cniil  Jind  Voke  Co.,  bk.%  2fl,  T.  r^  X*.  H.  :tl 
W.;  B,  Miuninath  vdra  mine,  mc.  l.T.  4  N.,  R.  SZ  E.;  C,  Boirti 
aEid  Dam^]  mln^t  vsc^  10^  T.  h  H.,  H.  ^  E,:  D;  I'litti^riK)!! 
CcMil  Compa^ny  mint  No.  1,  spc.  H,  T.  4  N.,*  R.  32  \\\:  H.  Cluia- 
teen  pit,  aoc.  18,  T.  4  N..  R.  31  W, 

along  the  ssouthern  outcrop  are  shown  graphically  in  %,  20,  From 
the  center  of  sec.  22»  T.  5  N.^  R,  Zl  W.,  the  coal  lias  been  stripped 
almost  continuously  along  the  outcrop  for  24  miles  to  the  town  of 
Huntington,  where  the  outcrop  and  accompanying  strip  pit  swing 

round   a  half  circle   to  the  south  and  then  extend  southeastward 

:>ward  Hartford,     There  are  two  large  mines  operated  from  shafts  as 
well  as  these  strij>  pits  in  the  synclinal  basin  near  Huntington.     The 

:>al  is  in  three  benches  separated  by  thin  shale  jiartings. 
Fur  several  mile^  southeast  of  Huntington  the  coal  is  not  mined 

lough  I  he  position  of  the  outcrop  has  been  determined  by  prospecting. 
It  is  mined  again,  how^ever,  in  sec.  32,  T.  5  N.,  K.  31  W.,  where  the 
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bed  known  as  the  Mammoth  vein  is  over  8  feet  thick,  including  a 
parting  of  several  inches  of  shale  near  its  center.  At  the  town  of 
Hartford,  in  sec.  10,  T.  4  N.,  R.  32  W.,  the  coal  is  worked  in  a  number 
of  small  slopes  and  in  two  large  ones.  It  consists  here  of  a  single 
bench  of  coal  about  3i  feet  thick.  From  this  point  the  coal  outcrop 
swings  eastward  around  the  western  end  of  the  Hartford  anticline^ 
and  the  coal  is  again  mined  in  sees.  13  and  14,  T.  4  N.,  R.  32  W.  The 
coal  bed  Uere  resembles  the  Huntington  coal  in  that  it  consists  of 
several  benches  of  coal  with  partings  between.  East  of  this  point 
there  are  no  active  mines.  Although  the  coal  has  been  prospected 
here,  it  is  common  report  that  the  bed  is  separated  into  many 
benches.  At  the  Chasteen  mine,  in  sec.  18,  T.  4  N.,  R.  31  W.,  it  is  very 
much  divided  and  contains  no  bench  over  2i  feet  thick,  though  the 
total  thickness  of  the  bed  is  near  8  feet.  East  of  this  point  no  meas- 
urements have  been  made,  though  the  outcrop  of  the  coal  has  been 
traced  for  a  number  of  miles. 

Deaths  to  the  coal. — The  coal  dips  westward  at  a  low  angle  from  the 
line  of  outcrop  from  Greenwood  to  Burma,  but  probably  does  not 
reach  a  depth  of  more  than  800  feet  below  the  surface  at  any  point. 
The  synclinal  trough  in  wliich  the  town  of  Huntington  is  situated 
extends  westward  to  the  State  line  and  includes  Sugarloaf  Mountains. 
For  several  miles  west  from  Huntington  the  coal  lies  within  400  feet  of 
the  surface.  It  reaches  its  greatest  depth  in  Sugarloaf  Mountains, 
where  it  can  probably  all  be  reached  by  tunnels  or  slopes  and  should 
not  be  regarded  as  inaccessible.  The  anticline  on  which  the  towTi  of 
Hartford  is  situated  also  extends  south  westward  to  the  Arkansas- 
Indian  TorritoF}^  boundary  and  along  it  the  coal  is  all  near  the  surface. 
Drill  holes  which  have  been  sunk  near  the  boundary  line  indicate  that 
the  greatest  depth  on  this  anticline  at  the  boundary  will  not  exceed 
800  feet.  South  of  the  Hartford  anticline  the  coal  dips  at  a  rather 
high  angle  and  passes  under  Poteau  Mountain.  Some  of  the  coal  here 
is  probably  scarcely  fit  for  mining  on  account  of  the  divided  condition 
of  the  coal  bed,  but  further  prospecting  will  no  doubt  develop  a  large 
area  of  coal  land  worthy  of  attention  in  this  region  also.  The  varia- 
tions in  the  quality  of  the  coal  from  the  different  mines  of  this  district 
is  indicated  by  the  analyses  in  the  table  on  pages  96-97. 

BATES    AND    COALDALE    DISTRICT. 

The  coal  bed  wliich  dips  southward  from  Hartford  and  passes  under 
Poteau  and  Whiteoak  mountains  comes  to  the  surface  again  in  a  line 
of  outcrop  parallel  with  the  south  flank  of  Poteau  Mountain,  where  it 
has  been  traced  from  the  Indian  Territory  line  eastward  for  a/listance 
of  about  20  miles.     It  is  continuous  with  the  outcrop  of  coal  beds 
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coals  of  the  Arkansas  field.  The  workings  at  Coaldale  near  the  State 
Ime  were  not  examined,  but  section  A  of  the  bed  given  in  fig.  21  was 
reported  by  the  operator.  The  bed  here  consists  of  over  7  feet  of 
coal  divided  by  a  parting  of  shale.  Three  miles  east  of  the  State 
line,  in  sec.  21,  T.  3  N.,  R.  32  W.,  the  coal  bed  is  divided  into  three 
benches  and  contains  an  aggregate  of  8  feet  of  coal.  Mining  is  done 
only  in  the  largest  bench,  which  is  4  feet  thick.  Nine  miles  farther 
east  the  coal  bed  still  has  a  thickness  of  5  or  6  feet,  but  is  divided  into 
many  small  benches,  the  largest  of  which  is  only  12  inches  thick,  and 
it  is  not  probable  that  the  coal  can  be  successfully  mined  in  this 
locality,  though  it  is  possible  that  the  lower  part  of  the  bed  was  not  all 
exposed.  Groppings  of 
this  bed  have  been  ob- 
served for  about  2  miles 
farther  east,  but  it  has 
nowhere  been  opened  so 
that  a  section  could  be 
measured,  nor  have  any 
reports  indicating  a  work- 
able coal  bed  been  re- 
ceived. These  variations 
are  shown  by  the  graphic 
sections  presented  in  fig. 
21.  The  portion  of  the 
coal  field  that  extends 
eastward  from  Lookout 
Gap  and  underlies  White- 
oak  Mountain  was  not 
examined,  owing  to  the 
short  time  available  for 
field  work.  Although  the 
Hartshome  horizon  is 
known  to  extend,  over  a 
considerable  area  here, 
the  facts  presented  indi- 
cate that  the  coal  bed  is  probably  divided  and  of  little  value.  Both 
north  and  south  of  Poteau  Mountain  the  coal  dips  at  a  high  angle 
and  the  rocks  maintain  this  dip  well  toward  the  center  of  the  basin, 
indicating  that  the  coal  there  is  very  deep.  It  is  probable,  however, 
that  all  of  the  coal  can  be  mined  from  slopes  entering  the  basin  from 
the  north  and  south  sides. 
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FiQ.  21. — Characteristic  sections  of  coal  bed  on  outcrop  south 
of  Poteau  Mountain.  A,  Witte  Coal  Company  mine,  sec.  19, 
T.3  N.,  R.  32  W.;  B,  Sejrmour  mine,  sec.  21,  T.3N:rR.32 
W.;  C,  prospect  hole  in  sec.  21,  T.  3  N.,  R.  32  W.:  D,  David- 
son slope,  sec.  16,  T.  3  N.,  R.  32  W.,  upper  part  of  bed 
probably  omitted;  E,  prospect  hole  in  sec.  1,  T.  3  N.,  R. 
31  W. 


CHARLESTON    AND    PARIS    DISTRICT. 

The  Hartshome  coal  has  not  been  opened  nor  has  the  thickness  of 
the  bed  been  measured  on  the  outcrop  east  of  Auburn  for  a  distance 
of  about  35  miles,  to  what  will  be  described  as  the  Prairie  View  dis- 
trict. This  unexplored  region  includes  the  towns  of  Charleston  and 
Paris,  near  which  coals  of  higher  horizons  are  mined.     The  horizon. 
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of  the  Hartshome  coal  outcrops  through  the  whole  length  of  this 
region  along  the  north  base  of  Devils  Backbone  Ridge  and  its  eastern 
extension,  Pine  Ridge.  It  also  outcrops  near  the  southern  base  of  Mill 
Creek  Ridge,  on  Grand  Prairie,  which  extends  from  the  Arkansas 
River  at  the  mouth  of  Vache  Grasse  Creek  eastward  to  Roseville. 
Along  the  southern  outcrop  line  the  presence  of  the  bed  is  occasionally 
indicated  by  coal  smut,  but  it  is  nowhere  so  exposed  that  its  thickness 
can  be  measured,  and  the  natural  conclusion  to  be  drawn  is  that  along 
this  line  the  bed  is  thin  and  of  no  economic  value. 

Along  the  northern  outcrop,  on  Grand  Prairie,  no  exposures  of 
coal  were  seen  by  members  of  our  party.  There  are  some  indications 
of  a  fault  along  the  north  side  of  this  prairie,  and  it  is  possible  that 
the  coal  horizon  does  not  reach  the  surface,  though  it  can  not  be  at  a 
very  great  depth.  In  the  preliminary  report  of  the  Arkansas'  State 
Survey  it  is  noted  that  coal  occurs  near  the  town  of  Vesta,  probably 
at  the  Hartshorne  horizon.  This  coal  has  been  found  in  several 
wells  near  that  place,  but  present  information  regarding  it  is  no  more 
advanced  than  that  given  by  the  State  Survey.  So  far  as  known 
this  coal  bed  has  never  been  opened  or  accurately  measured.  Coal 
has  been  reported  in  a  few  shallow  wells  that  penetrate  the  sandstone 
mantling  Mill  Creek  Ridge  near  the  town  of  Sub  Rosa.  If  these 
reports  are  true  this  may  possibly  be  the  Hartshome  bed,  though 
the  stratigraphic  evidence  seems  to  locate  it  in  the  Hartshome  sand- 
stone at  a  short  distance  below  the  general  coal  horizon. 

The  Hartshorne  coal  has  been  penetrated  by  diamond  drills  3 
miles  northwest  of  Cliarleston,  whore  it  is  approximately  2  feet  thick 
and  has  a  shale  parting.  East  of  this  point  the  coal  bed  would  be 
found  at  a  depth  usually  exceeding  400  feet.  At  the  base  of  Potato 
Hill  and  also  at  Paris  its  depth  is  estimated  to  be  approximately 
1,000  feet,  while  at  Charleston  it  can  probably  be  reached  at  from 
800 « to  900  feet.  Between  the  towns  of  Branch  and  C^aulksville 
there  is  an  anticlinal  flexure  which  probably  brings  the  Hartshorne 
coal  horizon  within  300  or  400  feet  of  the  surface.  Although  a  certain 
amount  of  drilling  has  been  done  near  Charleston  and  also  near  Paris, 
it  is  probable  that  none  of  the  wells  have  reached  a  suflicient  depth 
to  find  the  Hartshorne  coal. 

South  of  Prairie  View  the  Hartshorne  sandstone  is  brought  to  the 
surface  in  an  anticlinal  flexure,  along  the  axis  of  which  there  is  a  pro- 
found fault,  as  has  been  sho\\Ti.  A  coal  bed,  presumably  the  Harts- 
horne, outcrops  north  of  this  anticline,  and  its  extent  has  been 
partly  determined  by  a  number  of  drill  holes,  though  the  western 
boundary  of  the  workable  coal  area  can  not  be  regarded  as  deter- 
mined.    South  of  the  Prairie  View  anticline  the  Hartshome  horizon 
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inches.  A  coal  bed  about  400  feet  below  the  Ilartshome  sandstone 
outcrops  at  a  number  of  places  south  of  Pine  Ridge  and  has  in  some 
localities  been  mistaken  for  the  Hartshome  coal.  It  has  been  worked 
in  strip  pits  in  sec.  20,  T.  7  N.,  R.  24  W.,  south  of  Ellsworth,  but 
prospecting  has  not  shown  that  the  coal  is  of  commercial  value. 

Coal  of  the  Hartshome  horizon  is  also  mined  in  the  Denning  and 
Coal  Hill  district,  from  which  the  coal  bed  dips  southward  at  a  rather 
low  angle  toward  the  Paris  syncline.  Drill  records  here  indicate  that 
the  coal  bed  thins  rapidly  south  of  Denning,  although  its  southern 
limit  was  not  reached. 

From  the  above  facts  it  will  be  seen  that  the  Hartshome  coal 
underiies  a  large  area,  about  15  miles  wide,  extending  from  Aubum 
eastward  to  Prairie  View,  in  which  the  thickness  and  value  of  the  coal 
has  not  been  determined.  The  outcrops  along  the  north  and  south 
sides  of  this  area  reveal  no  coal  of  commercial  importance,  but  in 
view  of  the  great  local  variation  that  may  be  expected  in  the  Harts- 
home coal  further  prospecting  by  deep  drilling  is  fully  warranted. 
The  coal  horizon  can  certainly  be  reached  by  a  series  of  drill  holes 
less  than  400  feet  deep  on  Grand  Prairie  along  the  northern  edge  of 
the  basin  and  also  in  the  center  of  the  Caulksville  anticline.  The 
beds  are  so  highly  tilted  and  the  structure  so  broken  along  the  south- 
em  edge  of  the  basin  that  the  coal  there  would  probably  be  of  little 
value  if  foimd. 

VAN    BUREN   AND   ALMA    DISTRICT. 

Much  that  has  been  said  in  regard  to  the  Charleston  and  Paris  dis- 
trict can  well  be  repeated  in  regard  to  the  region  north  of  the  river  in 
the  vicinity  of  Van  Buren  and  Alma.  It  is  a  district  that  has  not  been 
thoroughly  prospected,  though  stratigraphic  investigations  show  that 
it  is  underlain  by  the  Hartshome  coal. 

The  coal  outcrops  at  several  places  in  the  vicinity  of  Mulberry, 
where  there  is  a  small  coal  bed  at  a  horizon  very  close  to  if  not  iden- 
tical with  that  of  the  Hartshome  coal,  which  is  usually  overlain  by 
20  or  30  feet  of  sandstone  and  sandy  shale  that  lies  near  the  base  of 
the  Spadra  formation.  West  of  Mulberry  the  coal  horizon  is  at  a 
greater  depth  and  does  not  outcrop,  since  at  the  northern  edge  of  the 
field  it  is  cut  off  by  a  fault  north  of  which  the  Winslow  sandstone  is 
exposed.  The  depth  of  the  Hartshome  horizon  could  not  be  esti- 
mated closely  on  account  of  the  very  obscure  stratigraphic  evidence, 
much  of  the  surface  being  covered  with  deposits  of  gravel  and  sand. 

A  small  coal  bed  found  near  Alma  and  Van  Buren  is  provisionally 
correlated  with  the  Charleston  coal,  which  is  about  800  feet  above  the 
Hartshome  horizon.  What  is  probably  the  Hartshome  bed  has  been 
reached  in  a  drill  hole  near  Alma  at  a  depth  of  700  feet.  It  is  reported 
to  be  9  inches  thick  and  overlies  a  sandstone  1 50  feet  thick,  provisionally 
correlated  with  the  Hartshome.     A  small  coal  bed  which  may  alio 
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correspond  with  the  Hartshome  coal  was  formerly  mined  at  the  Hen- 
dricks pit,  in  sec.  16,  T.  9  N.,  R.  31  W.,  2  miles  northeast  of  Van 
Buren."  This  coal  bed  is  said  to  be  2  feet  thick.  It  overlies  a  hard, 
massive  sandstone  which  is  possibly  equivalent  to  the  Hartshome. 
A  coal  bed  is  also  reported  in  a  number  of  wells  in  Van  Buren  which 
can  not  be  definitely  correlated  with  that  south  of  the  river  from  the 
stratigraphic  evidence  available,  but  probably  corresponds  very 
nearly  with  the  Charieston  coal.  If  this  interpretation  of  the  strati- 
graphy is  correct,  it  necessitates  the  presence  of  a  fault  with  a  dis- 
placement of  about  800  feet  between  the  coal  2  miles  northeast  of  Van 
Buren  and  that  just  mentioned.  None  of  these  coal  beds  have  been 
found  to  be  of  sufficient  size  to  warrant  systematic  development. 

COAL   HILL   AND   DENNINd    DISTRICT. 

The  Coal  Hill  and  Denning  district  lies  north  of  the  Arkansas, 
between  the  river  and  the  main  line  of  the  Iron  Mountain  Railway, 
about  40  miles  east  of  the  Indian  Territory  line.  Its  general  outline 
and  structure  are  shown  in  fig.  22.  Along  its  north  side  the  coal  is  cut 
off  by  a  fault  extending  from  Denning  to  a  point  a  few  miles  east  of  Coal 
Hill,  north  of  which  the  underlying  rocks  are  raised.  Half  a  mile 
south  of  this  fault  there  is  an  anticlinal  axis  extending  east  and  west 
through  the  district,  in  the  center  of  which  the  underlying  barren 
rocks  are  exposed  south  of  Coal  Hill.  Near  Denning  the  anticline 
pitches  below  the  surface  and  the  coal  bed  is  continuous  across  it. 
South  of  Altus,  at  the  west  end  of  the  Coal  Hill  fault,  the  coal  bed 
approaches  the  surface,  as  indicated  by  drill  records,  and  the  Harts- 
home sandstone  rises  and  mantles  Altus  Hill. 

A  few  miles  west  of  Altus  there  is  a  smaller  basin  of  coal  land, 
including  possibly  1  square  mile,  resting  on  this  sandstone.  The 
southern  limb  of  the  Coal  Hill  anticline,  about  2  miles  south  of  Coal 
Hill,  is  thrown  down  by  the  Spadra  fault,  so  that  the  coal  does  not 
reach  the  surface. 

Coal  has  been  mined  almost  continuously  from  Coal  Hill  to  Den- 
ning and  southeastward  from  Denning  around  the  southern  limb  of 
the  anticline  for  several  miles.  The  coal  ranges  in  thickness  from  1  to 
5  feet,  and  the  bed  is  usually  cliaracterized  ])y  a  parting  of  shale  or 
clay  near  the  center,  wliicli  varies  greatly  within  short  distances, 
being  so  thick  in  a  num])er  of  places  as  to  render  the  bed  of  no  value. 

Generally  the  parting  thickens  along  the  northern  edge  of  the  field, 
so  that  the  underground  workings  have  ])een  stopped  before  they 
reach  the  fault.  One  of  tlie  first  sliafts  sunk  here  for  mining  purposes 
found   the   parting  over  4  feet  in  thickness  and  was  abandoned  for 
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of  the  mines  farther  south.  South  of  the  anticline  coal  has  been 
mined  near  the  outcrop,  but  ])oyond  half  a  mile  from  the  outcrop  it  is 
known  only  by  rather  meager  drill  records.  These  indicate  that  the 
bed  becomes  thin  and  of  Uttle  value  before  the  river  is  reached.  Very 
little  prospecting  for  this  coal  has  been  done  at  any  distance  South  of 
the  Coal  Hill  anticline,  though  its  presence  at  a  considerable  depth 
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Fio.  22.— Map  showing  structure  of  Coal  Hill-Denning  district.  Underground  contour  interval  100 
feet.  Diagrammatic  profiles  of  land  surface  and  coal  bed  along  lines  A-B  and  C-D;  horizontal  scale, 
I  inch=-3  miles;  vertical  scale,  1  inch=3,000  feet. 

has  been  demonstrated  by  drilling,  and  it  is  reported  that  the  parting 
is  so  thick  as  to  preclude  the  possibility  of  successful  mining.  This 
coal  bed  probably  extends  eastward  south  of  Hartman  and  is  iden- 
tical with  that  mined  at  Spadra,  but  for  several  miles  the  prospecting 
has  not  been  sufficient  to  determine  its  quality  and  it  does  not  out- 
crop at  the  surface.  It  will  be  found  at  a  depth  of  several  hundred 
feet  and  will  doubtless  present  a  number  of  difficulties  for  mining, 
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since  it  is  below  the  flood  plain  of  Arkansa.^  River  and  the  hard  rocks 
are  overlain  by  thick  alkivial  de|>o8it«. 

Variations  in  the  thitrkness  of  the  coal  and  its  partings  in  the  Coal 
Hill  district  are  shown  graphically  in  fig.  2S,  The  coal  is  semi- 
bituminous,  as  is  shown  by  chemieal  analyses.  It  has  a  bright  luster 
and  is  somewhat  harder  than  that  mined  at  the  west  end  of  the  field. 

Coal  is  mined  for  local  trade  from  a  number  of  small  slopes  in 
the  small  outlying  basin  west  of  Alius,  in  sec.  17^  T.  9  N.^  R.  26  W. 
Here  there  are  two  coal  beds,  the  lower  averaging  2  feet  and  the 
upper  10  inches  thick,  with  IS  feet  of  sandy  shale  between  them. 
These  two  beds  are  regarded  as  equivalent  to  the  tw^o  benches  of 
the  Denning  coal  bed  with  an  excessive  tluckness  for  the  parting. 
The  coal  resembles  that  of  the  Denning  bed,  though,  being  shallow,  it 
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Fio.  ^,— Gmphic  ftoetlona  at  cowl  nt  nhnnlTig.  shnwing  viirUitlnriB  of  tho  piirtlng  as  ncvpaltKl  hy  drill 
rocoftlB  and  other  operibigfi.  A,  DtHJ  hole  in  NW.  i  nee.  M,  T,  9  N,,  R.2fi  W.;  li,  drlU  hole  In  SW. 
I  10C.27,  T^e  N.H  R.  2ft  w;;  C.  drill  hnli^  in  N  W*  1  mx.  27  (ttvetage  section  of  th<*  Im?cI  aa  reported  by 
W«*t«m  Cfjoi  and  Uining  Co.);  D.  drill  hoje  in  NW,  \  nee.  20,  T. 9  K.,  It.  26  W.:  E ^  driU  hole  DoaF 
pump  shaft  in  SW.  {  mc.  23,  T.  fl  N.,  R.  2*1  W.;  F,  driU  hole  in  BE.  \  see,  n,  T.  0  N.,  R.2G  W.;  n,  drtll 
hole  near  old  Sticwdl  »lnpe,  sw3, 20.  T.  9  N.,  R.  '25  W, 

is  affected  by  weathering  and  the  joints  are  iron  stained.    Chemically 
it  has  a  much  lower  percentage  of  sulphur. 

A  similar  coal  bed,  with  a  parting  more  than  12  feet  thick,  is  indi- 
cated by  outcrops  of  coal  smut  on  the  south  side  of  the  river  about  2 
miles  west  of  this  basin  in  sec.  2:^  of  the  same  township.  No  coal  has 
been  mined  here.  The  outcrop  probably  indicates  a  small  sliallow 
basin  of  coal  of  the  Hartshorne  liorisson  resting  on  the  Hartshome 
sandstone. 

SPADRA   DISTRirr. 

This  district  is  also  north  of  Arkansas  River  and  its  center  is  about 
10  miles  east  of  Coal  llilL     It  take^  its  name  from  the  town  of  Spadra, 
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near  which  the  coal  bed  outcrops  and  where  the  first  developments 
were  made.  The  coal  differs  slightly  from  that  at  Denning,  in  that  it 
is  considerably  harder  and  of  higher  grade  chemically.  It  is  mined 
almost  exclusively  for  domestic  use  and  sold  as  semianthracite  or 
Arkansas  anthracite  coal.  The  coal  is  somewhat  thinner  than  at 
Coal  Hill  and  Denning,  though  it  is  regarded  as  a  continuation  of  the 
same  bed,  and  it  presents  similar  irregularities. 

The  structure  of  the  Spadra  field  (fig.  24)  is  complicated,  and  its 
interpretation  is  made  difficult  by  extensive  deposits  of  sand  and 
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Fio.  24.— Map  of  Spadra  and  Prairie  View  coal  fields,  showing  the  nature  of  the  deformation  and  faulting 
of  thecoal  bed.  Underground  contour  Interval,  100  feet.  Profiles  of  land  surface  and  coal  bed  along 
line  A-B.  Vertical  scale,  1  inch=»4,000  feet.  Horizontal  scale,  1  inch=4  miles.  Elevation  of  river 
at  average  stages,  300  to  320  feet. 

gravel,  which  conceal  a  large  part  of  the  surface.  It  has  been  pros- 
pected by  many  companies  and  individuals,  and  though  numerous 
drill  holes  have  penetrated  the  coal  horizon  it  has  been  impossible  to 
assemble  all  of  the  information  that  has  been  obtained,  since  some  of 
the  records  have  been  lost  and  others  probably  withheld.  The  avail-  . 
able  information,  however,  is  sufficient  to  show  that  the  continuity  of 
the  coal  bed  is  broken  by  several  faults  of  normal  type  that  strike 
approximately  east  and  west  with  downthrows  generally  to  the  south. 
Only  one  of  these  has  been  encoimtered  in  the  mine  workings,  and  its 
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extension  conclusively  demonstrated  by  drill  holes.  The  others  are 
indicated  by  stratigrapliic  evidence.  The  best  known  of  these 
faults  was  first  encountered  2  miles  northwest  of  Spadra  in  one  of 
the  mines  of  the  Eureka  Coal  Company,  from  which  point  it  extends 
west-northwest  nearly  to  the  town  of  Hartman,  where  it  turns  a  little 
south  of  west  and  continues  to  the  center  of  the  Coal  Hill  field. 

Another  fault,  trending  nearly  east  and  west,  marks  approximately 
the  southern  limit  of  present  mining  operations.  It  is  parallel  with 
and  a  short  distance  north  of  Spadra  Hill,  a  long  ridge  capped  by  flat- 
lying  sandstone  south  of  Spadra,  and  its  east  end  is  a  few  himdred 
yards  north  of  the  branch  railroad  at  the  south  base  of  Big  Danger 
Hill,  in  sec.  23,  T.  9  N.,  R.  23  W.,  where  its  position  is  indicated  by 
conclusive  stratigraphic  evidence.  The  displacement  at  the  mouth 
of  Spadra  Creek  is  at  least  200  feet.  A  small  fault,  which  differs  from 
those  described  in  that  the  downthrow  is  to  the  north,  Ues  north  of  the 
western  part  of  the  Spadra  field,  bringing  in  a  small  area  of  Spadra 
coal  at  the  old  Allen  slope  in  sec.  18,  T.  9  N.,  R.  24  W. 

Another  fault,  which  marks  the  northern  boundary  of  the  coal  field 
northwest  of  Clarksville,  occurs  3  miles  north  of  Cabin  Creek.  The 
west  end  of  this  fault  is  probably  north  of  Clarksville,  from  which 
point  it  extends  eastward  for  about  15  miles.  North  of  this  fault  the 
barren  rocks  below  the  coal  horizon  are  exposed. 

From  Spadra  the  coal  bed  extends  northward  for  about  5  miles.  It 
underlies  the  to^\Tl  of  Clarksville  at  a  depth  of  from  400  to  500  feet, 
and  outcrops  U  miles  northwest  of  Clarksville  at  a  point  noted  by  the 
Geological  Survey  of  Arkansas  as  the  Harkrcader  well,**  from  which 
point  the  outcrop  can  not  be  traced  eastward  with  certainty.  Coal 
again  occurs  and  has  been  mined  at  a  point  2  miles  northeast  of 
Clarksville,  in  what  is  known  as  the  Mason  drift,  sec.  27,  T.  10  N.,  R. 
23  W.  \Miile  it  is  probable  that  this  coal  is  in  tlio  Hartshorne  horizon, 
its  characteristics  are  quite  different  from  those  of  the  Spadra  bed,  as 
will  be  shown  later.  The  Spadra  bed  is  known  to  extend  from  Spadra 
and  Clarksville  eastward,  where  it  underlies  Big  Danger  Hill  and  the 
massive  sandstone  of  which  it  is  composed.  It  has  been  penetrated 
by  drill  holes  west  of  Cabin  Creek  (Lamar)  at  a  depth  of  550  feet,  and 
the  same  bed  probably  outcrops  on  sections  6  and  7,T.  9  N.,R.23  W., 
2  miles  north  of  Cabin  Creek. 

The  rather  complicated  structure  of  the  coal  field,  as- interpreted ,  is 
presented  in  the  sketch  maj)  forming  fig.  24,  from  which  it  will  be  seen 
that  at  the  western  limit  of  prosp(»cting  the  coal  ])ed  is  at  a  depth  of 
400  feet  and  that  its  depth  probably  increases  westward. 

On  account  of  the  miners'  strike  it  was  impossible  to  obtain  meas- 

iirPTnf»i^t«  of  thp  r'OJil   jrt  fhp  (^xtrpinr^  wpst    piul   r»f  fho  distfif*t*   thoUt^'h 
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drill  holes  have  been  made  in  this  part  of  the  field,  but  the  owners 
would  furnish  no  information  regarding  the  coal  except  its  distance 
below  the  surface.  The  coal  bed  is  exposed  by  outcrop  at  the  old 
Allen  slope,  in  sec.  18,  T.  9  N.,  R.  24  W.,  and  also  in  an  unnamed 
slope  on  section  17  of  the  same  township,  both  of  which  have  been 
abandoned  for  many  years.  The  Allen  slope,  however,  was  open  at 
the  time  the  field  was  examined  by  the  geologists  of  the  Arkansas 
Survey,  who  report  that  the  coal  bed  measures  4  feet,  including  a 
thin  parting  near  the  center.  Old  residents  say  that  the  coal  is  3 
feet  thick  at  the  slope  in  section  17,  and  the  impression  gained  by  con- 
versation with  mine  owners  and  operators  interested  in  the  western 
part  of  the  Spadra  field  is  that  approximately  this  thickness  prevails 
over  the  entire  west  end  of  the  field. 

Coal  mines  are  located  at  very  short  intervals  from  a  point  a  short 
distance  west  of  Montana  post-office  eastward   along  the  railroad 


I 


lofeet 


Fig.  25.— Sections  showing  thickDess  of  the  coal  bed  in  the  Spadra  district  and  in  the  undeveloped  field 
north  of  Lamar.  A,  Scranton  Anthracite  Co.  mine,  sec.  22,  T.  9  N.,  R.  24  W.;  B,  Central  Anthracite 
Co.,  sec.  22,  T.  9  N.,  R.  24  W.;  C,  Eureka  Anthracite  Co.,  sec.  23,  T.  9  N.,  R.  24  W.;  D,  Spadra  Creek  Coal 
Co.,  Needmore  mine,  sec.  23,  T.  9  N.,  R.  24  W.;  E,  Consolidated  Anthracite  Coal  Co.,  mine  No.  1, 
sec.  24,  T.  9  N.,  R.  23  W.;  F.  Brooks  mine,  Western  Anthracite  Coal  Co.,  sec.  17,  T.  9  N.,  R.  23  W.; 
G,  prospect  on  sec  7,  T.  9  N.,  R.  22  W.,  north  of  Lamar. 

for  a  distance  of  6  or  7  miles.  Nearly  all  of  the  openings  are  made 
by  shafts  that  reach  the  coal  at  a  depth  of  200  feet  or  less.  The  aver- 
age thickness  of  the  coal  is  2i  feet,  including  a  small  parting  near 
the  center  of  the  bed.  In  general  the  coal  dips  to  the  north  or  north- 
west at  a  low  angle,  usually  less  than  3  per  cent.  The  variations  in 
the  thickness  of  the  coal  bed  and  the  position  and  size  of  the  parting 
are  shown  in  fig.  25. 

The  undei^ound  workings  of  the  mines  near  Spadra  extend  for 
a  maximum  distance  of  1  mile  north  from  the  main  line  of  the  Iron 
Mountain  Railway,  and  two  new  mines  have  recently  been  opi?ned 
near  the  southwest  face  of  Big  Danger  Ilill,  about  2  miles  northeast 
of  Spadra.  Although  the  records  of  much  of  the  drilling  that  has  been 
done  north  of  these  mines  were  not  available,  it  is  common  report 
that  in  that  direction  the  parting  increases  rapidly  and  makes  much 
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of  the  coal  unfit  for  mining.  A  shaft  about  IJ  miles  northwest  of 
Clarksville,  near  the  old  Harkreader  well,  was  simk  in  1906,  but  had 
not  reached  the  coal  at  the  time  of  our  examination.  The  coal  bed, 
however,  outcrops  a  short  distance  to  the  southwest,  where  it  shows 
a  thickness  of  18  to  24  inches  without  parting. 

At  all  of  the  mines  and  openings  described  thus  far  the  coal  bed  is 
overlain  directly  by  shale.  The  coal  bed  at  the  old  Mason  slope, 
which  has  been  correlated  provisionally  with  the  Spadra  coal,  is 
diflferent,  however,  in  that  it  is  overlain  by  several  feet  of  hard  sand- 
stone. Coal  has  been  mined  from  a  strip  pit  IJ  miles  southeast  of 
the  Mason  drift,  probably  from  a  somewhat  higher  bed,  though  the 
exact  location  of  the  old  pit  is  obliterated,  and  it  was  impossible  to 
determine  its  stratigraphic  position.  In  view  of  the  tendency  of  the 
coal  bed  at  Denning  to  divide  in  areas  farther  north,  it  seems  at  least 
possible  that  the  same  tendency  may  appear  in  the  Spadra  field — 
that  the  parting  increases  rapidly  northward,  separating  the  Spadra 
coal  into  two  beds.  The  Mason  coal  may  therefore  represent  the 
lower  bench  of  the  Spadra  bed.  The  coal  at  the  Mason  slope  is  pro- 
tected from  erosion  by  the  thin  bed  of  sandstone  which  overlies  it, 
and  remnants  of  the  coal  bed  have  been  found  mantling  the  hill  to 
the  north  at  a  number  of  places.  Presumably  it  is  the  same  bed  that 
outcrops  in  a  thickness  of  15  inches  on  Dicks  Branch,  in  sec.  10, 
T.  10  N.,  R.  23  W.,  2  miles  north  of  the  Mason  opening.  It  has  been 
noted  that  the  Spadra  coal  is  believed  to  outcrop  again  northeast  of 
Cabin  Creek,  where  it  has  been  opened  at  two  points  and  seems  to  be 
sufliciently  thick  to  warrant  development.  The  section  measured 
there  is  over  2  feet  thick  and  is  slu)\vn  in  fig.  25.  From  these  ()j)en- 
ings  the  coal  bed  has  been  traced  eastward  and  is  correlated  with 
two  outcrops  which  are  shown  on  the  map  near  Piney  Creek.  At 
this  point,  however,  the  coal  is  of  no  value.  It  consists  of  7  inches 
of  coal  overlying  2  feet  of  bony  coal. 

PRAIRIK    ViKW    DISTRICT. 

This  coal  field  lies  on  the  south  side  of  Arkansas  River  immediateh' 
south  of  the  Spadra  district.  The  presence  of  coal  near  the  village 
of  Prairie  View  has  been  known  for  many  years  and  was  noted  in 
the  report  of  the  State  Survey."  Attempts  to  prospect  the  field 
and  determine  the  extent  of  tlu*.  coal  land  have  been  made  only 
within  the  last  few  years,  and  large  areas  of  land  have  been  pur- 
chased or  optioned  by  a  company  known  as  the  Arkansas  Anthracite 
Company,  whose  headcjuarters  are  at  l^ittlo  Rock. 

In  the  examination  of  the  field  preparatory  to  the  purchase  of 
coal  lands  37  drill  holes  were  sunk  to  various  depths,  13  of  which 
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of  the  holes  were  evidently  not  carried  to  depths  suflScient  to  reach  the 
horizon  sought,  while  others  showed  that  there  are  parts  of  the  field 
in  which  the  coal  is  too  thin  for  exploitation.  The  greatest  thickness 
of  the  Hartshome  coal  reported  is  5  feet  and  the  least  about  1  foot. 

This  field  lies  in  a  broad  syncline  having  a  general  east-west  axis. 
Its  southern  edge  is  along  the  Prairie  View  fault,  and  its  northern 
edge,  which  is  contiguous  to  the  southern  edge  of  the  Spadra  field,  is 
along  the  Big  Danger  fault,  both  of  which  have  been  described.  A 
large  part  of  the  land  surface  is  covered  with  heavy  deposits  of  sand 
and  gravel,  so  that  inferences  drawn  from  bed-rock  exposures  are 
not  of  very  great  Talue.  The  structure  of  the  field,  as  indicated  by 
drill  records  and  observations  of  outcrops,  is  shown  in  fig.  24. 

Three  analyses  of  coal  from  diamond-drill  cores,  obtained  at  dif- 
ferent points'in  the  field,  published  in  the  prospectus  of  the  Arkansas 
Anthracite  Company,  are  given  in  the  table  on  page  88.     The  samples 
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Fig.  26.— Graphic  sections  showing  approximate  thickness  of  coal  at  various  points  in  the  Prairie  View 
field.  A,  B,  and  C  from  northern  part  of  field;  D,  E,  F,  G  from  southern  part.  A,  S  W.  i  SE.  J  sec.  5, 
T.  8  N.,  R.  24  W.;  B,  SW.  \  NW.  {  sec.  2.  T.  8  N.,  R.  24  W.;  C,  NE.  i  SW.  i  sec.  31,  T.  9  N.,  R.  23  W.; 
D,  SE.  }  SE.  J  sec.  17,  T.  8  N.,  R.  24  W.;  E,  8E.  J  SW.  i  sec.  15,  T.  8  N.,  R.  24  W.;  F,  NE.  J  sec.  23,  T. 
8  N.,  R.  24  W.;  O,  SW.  J  NE.  {  sec.  24,  T.  8  N.,  R.  24  W. 

appear  to  be  fully  representative  of  the  beds,  and  the  analyses, 
which  seem  to  be  reliable,  indicate  that  the  coal  in  the  northern  part 
of  the  field  is  semi  anthracite,  like  that  of  the  Spadra  district,  while 
that  of  the  southern  part  is  semibituminous,  like  that  at  Coal  Hill. 
This  is  a  condition  to  be  expected  from  the  facts  learned  in  other 
parts  of  the  Arkansas  field.  In  the  northern  part  of  this  district  the 
bed  is  divided  into  two  benches,  resembling  in  this  respect  the 
Spadra  coal,  but  in  the  southern  half  no  parting  is  reported.  Several 
graphic  sections  of  the  bed,  as  reported  by  engineers  of  the  coal 
company,  are  given  in  fig.  26. 

The  east  and  west  limits  of  workable  coal  in  the  Prairie  View  field 
can  not  be  regarded  as  determined  by  the  prospecting  which  has  been 
done.  Along  the  southern  edge  of  the  field,  however,  the  drill  holes 
show  a  thickness  of  14  inches  in  sec.  24,  T.  8  N.,  R.  24  W.,  east 
of  which  no  workable  coal  was  found.  That  the  bed  pinches  out 
10616-~Bull.  32(^-07 6 
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altogether  farther  east  is  indicated  by  prospecting  near  Knoxville  in 
T.  8  N.,  R.  23  W.,  where  several  drill  holes  have  passed  through  the 
Hartshome  horizon  without  finding  any  coal.  In  the  western  part 
of  the  district  very  few  drill  holes  have  been  sunk  to  the  coal  horizon, 
and  the  inference  made  by  the  coal  company  that  workable  coal  does 
not  extend  in  that  direction  does  not  seem  fully  justified. 

This  district  is  undeveloped  except  for  these  drill  holes,  and  no 
coal  has  been  mined  except  for  local  Use.  The  field  is  not  accessible 
from  any  of  the  existing  railroads,  but  could  be  reached  by  an  exten- 
sion of  the  Arkansas  Central  road,  which  now  terminates  at  Paris. 
The  distance  would  be- not  more  than  15  miles. 

RUS8ELLVILLE    DISTRICT. 

The  Russellville  district  lies  at  the  extreme  eastern  end  of  the  coal 
field  as  at  present  recognized,  and  includes  two  small  basins  of  coal 
land,  known  as  the  Ouita  basin,  a  few  miles  north  of  Russellville, 
and  the  Shinn  basin,  a  few  miles  south  of  that  place.  Between 
Knoxville  and  Russellville  the  Hartshome  sandstone  comes  to  the 
surface  and  crosses  Arkansas  River  in  a  slight  anticlinal  flexure,  so 
that  these  basins  are  not  connected  with  the  Spadra  and  Prairie 
View  basins,  although  the  coal  is  in  the  same  horizon.  A  few  miles 
west  of  Russellville,  in  the  vicinity  of  London,  there  is  an  area  of 
land  containing  something  over  one  and  one-half  townships  which  is 
underiain  by  Spadra  shale  and  Hartshome  sandstone,  and,  as  will 
be  seen  from  the  geologic  map,  the  Ouita  basin  is  a  northeastern 
extension  of  this  larger  basin.  The  Shinn  basin  is  not  connected  with 
the  London  basin,  a  belt  of  Hartshome  sandstone  intervening  between 
them. 

Ouita  bofdn. — The  coal  lands  in  the  Ouita  basin,  which  are  partially 
worked  out,  are  estimated  to  have  covered  an  area  of  approximately 
2  square  miles.  Althougli  the  formation  that  carries  the  coal  extends 
westward  over  the  larger  area  of  the  London  basin,  coal  has  not  been 
mined  in  that  ])asin  except  in  the  area  noted,  and  prospect  wells 
a  few  miles  farther  west,  near  London,  have  revealed  no  coal.  On 
the  south  side  of  the  river  opposite  London,  as  much  as  18  inches  of 
coal  have  been  found  in  a  drill  hole  penetrating  the  Hartshome 
horizon.  The  coal  beds  of  Shinn  and  Ouita  ])asins  are  evidently 
small  remnants  of  a  more  extensive  sheet  of  coal,  which  have  been 
protected  in  synclinal  folds,  while  the  greater  part  has  been  eroded. 
This  coal  bed  probably  thins  rapidly  toward  the  northwest  and 
pinches  out  entirely  in  a  few  miles,  though  it  probably  was  once 
continuous  along  the  south  side  of  the  river.  The  northern,  eastern, 
and  southern  boundaries  of  the  Ouita  basin  are  determined  by  the 
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point  lie  very  deep  and  has  been  mined  from  many  small  slopes, 
strip  pits,  and  shafts  which  have  now  been  abandoned  and  have 
caved  in.  Owing  to  the  careless  methods  of  mining  probably  much 
of  the  coal  has  been  left  in  the  ground  and  will  be  lost.  Moreover, 
Illinois  Bayou,  a  strong  stream  which  heads  in  the  Ozark  Mountains, 
flows  across  the  basin  and  has  no  doubt  eroded  a  great  deal  of  the 
shallow  coal,  so  that  much  of  the  area  included  in  the  basin  is  not 
coal  land. 

The  field  includes  one  active  mine  as  well  as  a  number  of  small 
slopes  and  shafts  that  are  occasionally  worked  for  local  supply. 
When  it  was  examined  all  of  the  mines  were  shut  down  owing  to  the 
strike,  and  most  of  them  were  full  of  water,  so  that  the  coal  bed  was 
absolutely  inaccessible.  Although  it  was  impossible  to  make  meas- 
urements of  the  thickness  of  this  coal  bed,  reports  concerning  it, 
believed  to  be  reliable,  indicate  that  the  bed  is  without  parting  and 
has  an  average  thickness  of  28  inches.  The  roof  and  floor  are  shale. 
As  reported  by  the  Geological  Survey  of  Arkansas  the  coal  is  about 
26  inches  thick  and  is  overlain  by  4  inches  of  bony  or  "wild''  coal." 

Shinn  basin. — The  Shinn  basin  lies  about  2  miles  south  of  Russell- 
ville  and  includes  approximately  2  square  miles  of  coal  land.  Like 
the  Ouita  basin,  this  is  bounded  on  all  sides  by  outcrops  of  Hartshome 
sandstone.  On  the  south  side  of  the  basin  this  bed  rock  dips  at  a 
very  high  angle  and  is  in  some  places  slightly  overturned,  indicating 
that  the  basin  has  considerable  depth.  Shafts  sunk  for  mining 
purposes  show  that  its  maximum  depth  from  the  surface  probably 
exceeds  600  feet.  Coal  has  been  mined  along  the  northern  side  of 
the  basin  for  a  great  many  years,  where  there  are  several  abandoned 
slopes,  but  owing  to  the  high  pitch  of  the  coal  and  its  greater  depth 
only  a  comparatively  small  amount  of  the  area  has  been  mined.  The 
coal  here  is  somewhat  thicker  than  in  the  Ouita  basin,  ranging  between 
40  and  46  inches,  with  an  8  to  10  inch  parting.  Two  thin  coal  beds, 
which  are  not  worked,  are  reported  several  feet  below,  and  a  bed  of 
coal  a  foot  thick,  lying  above  the  main  ])ed,  has  been  passed  through 
by  some  of  the  shafts.  There  are  only  three  active  mines  in  the 
basin,  one  of  which  has  a  shaft  480  feet  deep  and  is  the  deepest  coal 
mine  in  Arkansas. 

The  coals  from  both  of  these  basins  are  classed  as  seniianthracite. 
They  command  a  somewhat  higher  price  than  the  Spadra  and  other 
coals  farther  west,  and  are  used  almost  exclusively  for  domestic 
purposes. 

PHILPOTT    DISTRICT. 

The  Philpott  district  lies  in  an  isolated  synclinal  trough  extending 
east  and  west  through  T.  10  N.,  Rs.  24,  25,  and  26  W.,  north  of  the 
Coal  Hill  and  Spadra  fields.     It  includes  a  number  of  prospects  and 

«Axm.  Rept.  Geol.  Survey  Arkansas,  1888,  vol.  3,  p.  34. 
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small  mines  which  were  operated  before  the  lar^r  initics  alon^^  the 
railroad  were  opened.  The  coal  produced  was  softer  than  the  Spadra 
coal,  and  for  local  use  formerly  commanded  a  better  price^  since  it 
ignites  and  bums  more  freely.  Analyses  show  that  it  is  semi  bit  uri- 
nous and  of  about  the  same  grade  as  that  at  Coal  Hill  and  Denning. 
(See  table,  p.  98.) 

Two  beds  of  coal,  separated  by  from  600  to  800  feet  of  shale  and 
shaly  sandstone,  occur  here.  Tlie  lower  of  these,  known  as  the 
Pickartz  bed,  from  the  old  Pickartz  mine,  is  correlated  on  strati- 
graphic  evidence  with  the  Hartshome  bed.  The  shale  and  sandstone 
above  it  represent  the  Spadra  and  a  part  of  the  Fort  Smith  forma- 
tion, and  the  upper  coal  bed,  known  as  the  Philpott  coal,  is  near  the 
Charleston  coal  horizon. 

The  Pickartz  mine  is  situated  in  sec.  24,  T.  10  N.,  R.  26  W.,  and  the 
horizon  of  the  coal  has  been  traced  eastward  for  a  distance  of  nearly  18 
miles,  connecting  with  the  coal  which  outcrops  on  Dicks  Branch,  sec. 
10,  T.  10  N.,  R.  23  W.,  and  Minnow  Creek,  sec.  20,  T.  10  N.,  R.  22  W. 
The  position  of  this  outcrop  is  shown  on  the  geologic  map,  and  from 
it  the  coal  land  extends  northward  in  a  synclinal  trough  5  or  6  miles 
wide.  The  coal  evidently  passes  under  Mulberry  Mountain,  where 
the  northern  outcrop  has  not  been  determined.  No  mining  has  been 
done  along  this  outcrop  for  many  years. 

The  geologists  of  the  Arkansas  Survey  reported  the  following  section 
at  the  Pickartz  mine: 

Section  of  coal  bed  at  Pickartz  mine. 

Inches. 

Coal 20  to  22 

Shale i  to    2 

Coal Ito    4 

The  coal  exposed  at  Dicks  Branch  measures  15  inches  and  at 
Minnow  Creek  14  inches.  So  far  as  known  there  has  been  very  little 
prospecting  by  deep  drills  to  determine  the  amount  of  coal  contained 
in  this  basin,  though  such  an  investigation  would  seem  to  be  war- 
ranted by  the  showings  already  made.  The  upper  bed,  on  which  the 
old  Moomaw  and  Philpott  mines  were  located,  is  described  in  con- 
nection with  the  coal  of  the  Charleston  horizon. 

OTHER  LOCALITIES. 

The  most  extensive  and  the  best  known  areas  in  which  the  Harts- 
horne  coal  horizon  occurs  have  now  been  described,  but  this  horizon 
has  been  noted  at  a  few  other  locahties,  where  the  coal  is  probably 
not  present  in  minable  quantity.     One  of  the  largest  of  these  areas 
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southeast  of  Russellville,  and  comparatively  large  areas  north  and 
east  of  Russellville,  are  capped  with  Ilartshome  sandstone,  but  in 
all  these  the  overlying  rocks  in  which  the  coal  is  contained  have 
probably  been  eroded  away.  In  the  region  north  of  the  district 
investigated  there  may  be  areas  covered  by  Hartshome  sandstone 
and  some  of  the  overlying  rocks,  in  which  some  Hartshome  coal 
may  be  foimd,  but  they  are  not  known  at  present. 

COALS    OF   THE    COAL   RIDGE    OR   CHARLESTON    HORIZON. 

The  Fort  Smith  formation  near  its  upper  part  contains  one  or  more 
coal  beds  which  have  been  mined  for  local  supply  at  many  places  in 
the  Arkansas  field.  These  coals  lie  from  800  to  900  feet  strati- 
graphically  above  the  Hartshome  horizon  and  are  nowhere  more 
than  3  feet  thick,  generally  being  too  thin  for  mining  except  from 
strip  pits.  Owing  to  the  erosion  of  intervening  areas  it  has  been 
impossible"  to  correlate  these  upper  beds  in  diiferent  districts  by 
continuous  exposures,  and  though  no  individual  coal  bed  at  this 


I 


lofeet 


Fio.  27. — Characteristic  sections  of  coai  bed  at  Charleston  horizon.  A,  Strip  pit  at  Central,  sec.  1,  T.  7 
N.,  R.  29  W.;  B,  slope  under  Coal  Ridge,  sec.  20,  T.  7  N.,  R.  29  W.;  C,  Carters  slope  near  Charleston, 
sec.  17,  T.  7  N.,  R.  28  W.;  D,  prospect  in  bank  of  Big  Creek,  sec.  19,  T.  7  N.,  R.  27  W.;  E,  Moomaw 
shaft  near  Ozark,  sec.  22,  T.  10  N.,  R.  26  W.;  F,  PhUpott  shaft,  sec.  20,  T.  10  N.,  R.  25  W. 

horizon  was  probably  ever  continuous  over  the  wholi^Arkansas  coal 
field,  it  is  believed  that  they  are  all  within  100  feet  of  the  same 
horizon.  Coals  at  this  horizon  have  been  mined  locally  near  Fort 
Smith,  Central,  Charleston,  Caulksville,  Alma,  and  in  the  Philpott 
basin.  Their  outcrops  have  been  seen  in  many  other  places.  The 
area  covered  by  rocks  of  this  horizon  is  indicated  on  the  geologic 
map,  PI.  VI.  In  general,  the  coal  is  of  good  quality  and,  as  com- 
pared with  Hartshome  coal,  relatively  free  from  ash,  though  on 
weathering  it  is  often  coated  with  white  efflorescence.  Graphic 
sections  of  coal  beds  of  this  horizon  are  shown  in  fig.  27. 

CHARLESTON    DISTRICT. 

These  coals  are  best  exposed  in  the  vicinity  of  Charleston,  Franklin 
Coimty,  where  the  bed  has  been  worked  by  stripping  at  many  places 
indicated  on  the  geologic  map.  In  general,  they  have  sandstone  or 
sandy  shale  roofs  and  floors.  The  rocks  overlying  the  coals  contain 
at  some  places  an  abundance  of  fossil  plants,  which  have  already  been 
described.     (See  report  on  paleobotany,  pp.  24-31.)     The  coals  are 
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best  exposed  and  were  first  examined  in  the  west  end  of  Coal  Ridge, 
in  sec.  15,  T.  7  N.,*R.  30  W.,  2  miles  north  of  Auburn,  where  they  occur 
in  a  group  of  thin  sandstones  with  intervening  sandy  shale.  The 
outcrops  of  the  inclosing  rocks  form  two  ridges,  known  as  Grand 
Ridge  and  Coal  Ridge.  The  sandstone  of  Grand  Ridge  is  estimated 
to  be  about  800  feet  above  the  Hartshome  sandstone  and  150  feet 
below  the  sandstone  forming  Coal  Ridge,  which  is  the  upper  bed  of 
the  Fort  Smith  formation.  Coal  has  been  mined  here  from  a  suc- 
cession of  small  slopes  on  a  bed  about  100  feet  below  the  sandstone 
forming  Coal  Ridge.  It  has  a  thickness  of  18  inches  without  part- 
ings. An  analysis  of  a  sample  (U.  S.  G.  S.  No.  13)  taken  at  this  hori- 
zon is  given  in  the  table  (p.  98).  About  60  feet  above  the  bed  mined 
there  is  a  smaller  bed,  which  is  of  no  importance  here  but  is  probably 
of  greater  tliickness  elsewhere,  and  it  is  probably  true  that  some  of 
the  many  outcrops  near  Charleston  represent  this  small  upper  bed, 
while  others  represent  tlie  lower. 

In  sec.  27,  T.  6  N.,  R.  30  W.,  about  1  mile  south  of  Auburn,  an 
old  strip  pit,  which  was  full  of  water  at  the  time  of  examination, 
probably  represents  the  upper  one  of  these  two  beds.  The  coal  here 
shows  a  tendency  to  break  into  cubical  blocks  and  is  coated  with 
a  wliite  eflBiorescence.  Its  thickness  was  not  measured,  but  the 
coal  has  been  mined  for  local  purposes  for  many  years,  and  the 
opening  is  mentioned  in  the  report  of  the  Arkansas  State  Survey 
under  the  name  Bean  pit.  Coal  has  also  been  obtained  in  the  bed 
of  Big  Creek  from  an  opening  called  the  Langston  pit,  1  mile  south 
of  tlie  Bean  pit,  but  the  locality  was  not  examined.  The  bed  worked 
here  probabh'  corresponds  with  that  mined  at  Coal  Ridge  north  of 
Au])urn.  4 

East  and  north  of  Charleston  there  are  many  openings  on  one  or 
the  otlier  of  these  beds,  which  will  not  require  description  in  detail, 
their  positions  being  shown  on  the  geologic  map.  It  is  probable 
that  there  are  still  some  large  areas  of  land  which  can  be  mined  by 
stripping  in  the  region,  but  the  topographic  maps  at  hand  and  the 
time  available  for  the  work  were  not  sufficient  to  define  them.  Two 
miles  east  of  Charleston,  on  the  Carter  place,  there  is  a  new  slope 
from  which  more  or  less  coal  is  taken  every  year.  It  was  full  of 
water  when  examined,  but  the  coal  is  reported  to  be  3  feet  thick. 

The  same  coal  is  probably  represented  in  an  old  pit  on  sec.  3,  T.  7 
N.,  K.  27  W.,  1  mile  east  of  the  town  of  Caulksville,  where  it  is  reported 
to  be  only  13  or  14  inches  thick. 

BONANZA     AND    JKNNY    LIND    DISTRK'T. 

Coal  of  the  same  horizon  outcrops  at  a  number  of  places  between 
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without  parting.  The  coal  has  a  cubical  fracture,  and  after  minino:  be- 
comes coated  with  a  white  efflorescence.  The  same  coal  has  been 
penetrated  by  wells  at  a  number  of  points  in  the  region  southwest  of 
Central,  and  has  been  mined  from  strip  pits  at  Little  Vache  Grasse 
Creek  and  probably  at  other  points. 

The  coal  at  the  old  Herman  mine,  in  sec.  1,  T.  8  N.,  R.  22  W.,  near 
Fort  Smith,  is  probably  also  at  this  horizon.  It  is  said  to  have  been 
worked  before  and  during  the  civil  war  and  is  noted  in  the  iVrkansas 
Survey  reports.  When  the  old  workings  were  examined  only  one 
exposure,  reveaUng  10  inches  of  good  coal  overlain  by  1  foot  of 
**bony''  coal,  was  found.  The  bed  is  contained  in  sandy  shale 
resembling  that  near  Charleston. 

VAN    BUREN    AND    ALMA    DISTRICT. 

Coal  of  probably  the  same  horizon  outcrops  at  several  points  on 
the  north  side  of  the  river  near  Alma,  the  thickness  of  the  bed  no- 
where exceeding  18  inches  and  averaging  9  or  10  inches.  At  the 
Sullivant  pit,  in  sec.  13,  T.  9  N.,  R.  81  W.,  the  coal  measures  13 
inches,  and  at  the  Graves  pit  in  sec.  33,  T.  9  N.,  R.  30  W.,  it  measures 
18  inches.  Analyses  of  samples  from  these  pits  made  by  the  Geo- 
logical Survey  of  Arkansas  (11  and  16  in  table,  p.  88)  show  that  the  coal 
is  semibituminoiis.  The  same  bed,  perhaps,  outcrops  on  Arkansas 
River  at  Moores  Rock,  in  T.  8  N.,  R.  30  W.,  and  it  has  probably  also 
been  foimd  in  wells  at  Van  Buren.  None  of  these  openings  expose 
a  coal  of  workable  thickness. 

HUNTINGTON    DISTRICT. 

The  same  coal  bed  is  probably  exposed  in  Sugarloaf  and  Poteau 
mountains.  It  outcrops  at  the  base  of  the  Sugarloaf  Mountains  near 
the  gap,  where  old  excavations  show  that  it  has  been  opened,  though 
no  reports  as  to  its  thickness  were  obtained.  The  accidental  expo- 
sures seen  do  not  indicate  that  it  is  sufficiently  thick  to  be  of  com- 
mercial value.  A  bed  which  may  correspond  with  this  is  exposed 
at  the  Noblet  pit,  in  sec.  31,  T.  4  N.,  R.  32  W.,  on  Poteau  Mountain, 
where  it  is  reported  to  consist  of  four  thin  benches  aggregating  31 
inches." 

PARIS    DISTRICT. 

At  Paris  this  horizon  is  from  200  to  400  feet  below  the  surface,  and 
its  outcrops  north  and  south  of  the  Paris  basin  have  not  been  seen. 
In  the  Prairie  View  region,  however,  a  coal  bed  9  or  10  inches  thick 
at  about  the  proper  distance  above  the  horizon  of  the  Hartshorne 
coal  has  been  examined  at  a  number  of  localities,  which  are  noted  on 
the  geologic  map.  In  no  place  has  it  been  found  to  be  of  sufficient 
thickness  to  give  it  economic  value  under  present  conditions. 

a  Ann.  Rept.  (Jeol.  Survey  Arkanstis,  vol.  3,  1888,  p.  19. 
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8PADRA  DISTRICT. 


A  number  of  small  coal  beds,  none  of  which  Are  of  economic  impor- 
tance and  which  correspond  closely  in  stratigraphic  position  with  the 
Charleston  horizon,  outcrop  in  the  viciiuty  of  Cabin  Creek  east  of 
Clarksville.  Although  the  detail  of  the  stratigraphic  succession  of 
these  beds  has  not  been  closely  determined,  they  are  r^arded  as 
corresponding  approximately  with  the  group  of  beds  represented  at 
Charleston. 

PHILPOTT  DI8TBICT. 

The  bed  mined  at  the  old  Philpott  and  Moomaw  openings,  in  T.  10 
N.,  R.  26  W.,  also  seems  to  correspond  approximately  in  stratigraphic 
position  with  the  Charleston  bed,  though  the  interval  between  it  and, 
the  Hartshome  may  be  as  small  as  600  feet.  Thia  coal  lies  in  a 
synclinal  basin  about  4  miles  long  by  2  miles  wide  in  which  the  rocks 
dip  at  low  angles,  and  the  coal  is  nowhere  very  deep.  At  the  Philpott 
slope,  sec.  20,  T.  10  N.,  R.  25  W.,  the  bed  is  from  18  to  22  indies 
thick,  without  partings,  and  a  similar  thickness  is  reported  from 
other  openings  in  the  basin.  The  coal  is  semibituminous.  Analyses 
of  samples  taken  by  the  Arkansas  Greological. Survey  indicate  that 
it  is  comparatively  low  in  ash  and  that  it  is  chemically  of  a  somewhat 
higher  grade  than  the  coal  from  the  Pickartz  bed.**  Most  of  the 
product  of  one  or  two  small  mines  is  sold  for  domestic  use  at  Ozark, 
to  which  place  it  is  hauled  by  wagons.  The  eastern  boundary  of  this 
basin  has  not  been  definitely  determined,  though  the  stratigraphy 
indicates  that  it  can  not  extend  far  beyond  the  limit  stated  above. 

Although  the  bed  is  comparatively  thin,  it  seems  to  be  well  adapted 
to  '^ong  wair'  mining,  which  has  not  yet  been  attempted,  and  all 
the  coal  contained  will  doubtless  ultimately  be  available. 

A  similar  small  basin  containing  this  coal  doubtless  imderlies 
Mulberry  Mountain,  a  few  miles  farther  north,  where  no  coal  has  been 
mined  and  no  investigations  were  made  by  the  United  States  Geological 
Survey  party. 

COALS    OF   THE    PARIS    HORIZON. 

The  horizon  of  the  Paris  coal  is  from  1 ,000  to  1 ,200  feet  above  the 
Hartshome  horizon.  Stratigraphically  it  is  about  midway  between 
the  top  and  the  bottom  of  the  Paris  formation.  At  the  type  locaUty 
near  Paris  the  coal  bed  is  overlain  by  shaly  sandstone  and  underlain 
by  sandy  shale.  A  few  inches  of  draw  slate  generally  lies  above 
the  coal  and  at  places  some  fire  clay  lies  between  it  and  the  sandy 
shale  floor.  The  bed  varies  in  thickness  from  2  to  nearly  3  feet  where 
it  is  worked.  Near  Paris  the  outcrop  of  the  bed  has  been  traced 
around  the  mart^in  of  the  basin  in  which  Short  Mountain  and  Little 
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The  whole  area  underlain  by  this  coal  does  not  exceed  8  square  miles, 
and  in  its  western  part  the  bed  is  probably  too  thin  for  mining.  The 
coal  has  a  bright  luster  and  a  rather  indefinite  cubical  fracture. 
Chemically  it  is  semibituminous  and  somewhat  higher  in  hydrocarbon 
than  the  average  Hartshome  coals  in  the  same  region.  (See  fig.  28, 
p.  85,  and  table  of  analyses,  p.  98.)  It  is  sold  principally  for  domestic 
use.  All  the  coal  mined  is  hand  picked  or  forked,  the  slack  being 
left  in  the  gob. 

Outside  of  the  Paris  district  this  coal  horizon  is  represented  only  in 
the  vicinity  of  Potato  Hill,  where  a  coal  bed  provisionally  correlated 
with  it  has  been  mined  by  stripping  at  several  localities,  though  its 
thickness  is  not  great  enough  at  any  opening  to  be  of  commercial 
importance.  West  of  Potato  Hill,  in  sec.  23,  T.  6  N.,  R.  27  W.,  the  coal 
is  exposed  in  a  strip  pit  which  has  been  worked  for  local  supply  within 
the  last  year.  The  pit  was  full  of  water  when  examined,  so  that  the 
coal  could  not  be  measured,  but  its  thickness  is  reported  to  be. about 
14  inches.  The  same  coal  outcrops  in  several  localities  near  Pine  Hill, 
but  it  is  not  mined  to  any  extent,  and  its  thickness  is  not  great  enough 
to  warrant  development. 

Except  in  these  two  areas  the  coal  of  this  horizon  has  not  been 
examined  in  Arkansas.  It  should  outcrop  in  Sugarloaf ,  Poteau,  and 
Magazine  mountains,  and  it  has  probably  been  seen  by  prospectors 
and  others  in  each  of  the  two  former  locaUties,  though  it  has  not  been 
reported  from  the  latter.  On  stratigraphic  and  paleobotanic  evidence 
it  is  provisionally  correlated  with  the  McAlester  coal  of  Indian  Ter- 
ritory.    (See  report  on  fossil  plants,  pp.  24-31.) 

COALS   IN    THE   ATOKA    FORMATION. 

Coal  beds  have  been  reported  from  many  locaUties  in  the  series  of 
shales  and  sandstones  underlying  the  Hartshome,  to  which  the  name 
Atoka  formation  is  appUed.  These  lower  coal  beds  are  not  continuous 
for  any  great  distance  and  are  thin,  except  in  small  areas.  The 
investigation  of  the  rocks  below  the  Hartshome  horizon  has  been  too 
limited  and  too  imsystematic  to  enable  the  correlation  of  such  coal 
beds  with  one  another,  and  they  will  be  described  by  localities  without 
reference  to  horizons.  In  the  western  part  of  the  field  such  coal  has 
been  reported  at  only  one  locality,  in  the  center  of  the  Backbone  anti- 
cline, about  2  miles  northeast  of  Hackett.  The  coal  bed  here  lies 
between  500  and  1,000  feet  below  the  Hartshome  sandstone  and  is 
not  beheved  to  be  more  than  a  few  inches  thick.  Coal  is  also  reported 
by  the  Geological  Survey  °  of  Arkansas  in  the  neighborhood  of 
Booneville,  on  Fletcher  Creek,  the  locality  being  known  as  the  Carlan 
drift.  Although  not  examined,  this  coal  is  believed  to  be  several  hun- 
dred feet  below  the  Hartshome  sandstone. 


a  Ann.  Rept.  Geol.  Survey  Arkansas,  1888,  vol.  3,  pp.  23,  59.  and  80. 
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A  small  bed  of  coal  which  has  been  mined  from  strip  pits  for  local 
use  also  outcrops  on  a  bench  on  the  north  side  of  Rich  Mountain  4 
miles  southwest  of  Ellsworth,  in  T.  7  N.,  R.  24  W.  It  was  impossible 
to  make  an  examination  of  this  coal  bed,  as  the  pit  has  not  been 
worked  for  several  years  and  had  caved  in.  The  coal  here  is  esti- 
mated to  be  about  300  to  400  feet  below  the  Hartshome  sandstone. 
What  is  beUeved  to  be  the  same  bed  of  coal  has  been  penetrated  by- 
two  drill  holes  in  the  vicinity  of  Shoal  Creek,  in  T.  7  N.,  R.  23  W.  It 
is  400  feet  below  the  Hartshome  coal  horizon,  and  one  of  the  wells 
shows  that  it  is  nearly  4  feet  thick,  but  is  divided  by  shale  partings. 
Where  penetrated  by  the  other  well  this  bed  is  somewhat  thinner. 

Coal  beds  of  horizons  below  the  Hartshome  outcrop  at  several 
localities  south  of  Shinn  basin,  in  the  Russellville  district.  The  rocks 
here  strike  approximately  east  and  west  and  dip  northward  under 
Shinn  basin  at  high  angles.  There  is  some  evidence  of  a  fault  here, 
making  it  difficult  to  estimate  the  interval  between  these  coals  and 
the  Hartshome  horizon.  It  is  probable  that  two  beds  are  represented 
here,  one  about  400,  the  other  from  800  to  1,000  feet  below  the  Harts- 
home. Prospecting  with  diamond  drills  was  in  progress  here  during 
the  summer  of  1906,  though  at  the  time  the  region  was  visited  no  coal 
thick  enough  to  work  had  been  discovered. 

In  the  region  south  and  southeast  of  Dardanelle  the  same  beds  have 
been  mined  occasionally  since  the  civil  war.  Some  old  excavations 
in  sec.  35,  T.  6  N.,  R.  21  W.,  north  of  Centerville,  expose  from  18  to 
20  inches  of  coal  at  the  outcrop.  Several  drill  holes  which  have  been 
sunk  on  this  bed  indicate  that  it  has  a  maximum  thickness  of  a  little 
less  than  3  feet.  The  structure  here  indicates  that  tliis  bed  should  dip 
north  into  an  extensive  synclinal  basin,  and  should  crop  out  again  a 
few  miles  south  of  Dardanelle.  Its  northern  outcrop,  however,  has 
not  been  recognized.  Near  the  center  of  this  sTOcline  a  liigher  bed  of 
coal  has  been  discovered  in  one  or  two  wells  and  is  reported  to  have  a 
thickness  of  14  to  15  inches.  These  beds  are  estimated  to  be  about 
400  feet  and  800  feet,  respectively,  below  the  Hartshome.  What  is 
probably  the  equivalent  of  the  lower  of  these  beds  has  been  mined  near 
Chickalah,  south  of  Mount  Nebo,  and  its  occurrence  west  of  Spring 
Mountain  has  been  noted  in  the  report  of  the  Geological  Survey  of 
Arkansas,  neither  of  which  localities  were  examined.  A  thin  coal 
that  must  also  belong  to  one  of  the  lower  horizons  has  been  reported 
near  Atkins  in  T.  7  N.,  R.  18  W.,  and  also  near  Galla  Rock  in  T.  6  N., 
R.  20  W. 

A  coal  bed  1  foot  thick  in  one  of  these  lower  horizons  outcrops  and 
has  been  mined  in  the  NK.  \  sec.  24,  T.  \)  N.,  R.  26  W.,  in  the  Coal  Hill 

rli«trir'f  iiivit  north  ni  thp  Pojil  TTill  fniilt        Tlii«  ]>prl  hnsi  hp,en  estiniat-ed 


CHARACTER  OF   THE   COAL.  88 

of  Denning,  where  it  is  reported  to  be  5  feet  thick.  Between  Altus 
and  Ozark  there  are  several  outcrops  of  a  coal  bed  less  than  1  foot  thick, 
which  is  probably  near  the  same  horizon. 

A  bed  that  is  possibly  .sUghtly  lower  outcrops  and  has  been  pros- 
pected at  the  base  of  the  sandstone  on  which  the  town  of  Ozark  is 
built,  and  a  similar  coal  outcrops  south  of  Arkansas  River  opposite 
Ozark.  The  geolc^c  work  around  Ozark  has  not  been  sufficient  to 
demonstrate  whether  or  not  these  various  outcrops  of  coal  can  be 
correlated  with  one  another.  The  beds  vary  greatly  in  thickness  at 
different  points,  but  are  characterized  by  great  irregularity  and 
impurity,  more  than  half  of  the  bed  usually  being  bone  or  black 
shale.  A  dirty  coal  bed  somewhat  resembling  these,  but  more  than 
2  feet  thick,  has  been  reported  from  drill  holes  near  the  river  several 
miles  above  Ozark.  This  bed,  if  present  as  reported,  must  necessa- 
rily be  below  the  Hartshorne  sandstone,  and  the  results  of  prospecting 
thus  far  indicate  that  it  has  no  economic  value. 

Drill  holes  that  have  been  sunk  to  great  depths  in  the  neighborhood 
of  Alma  and  Van  Buren  disclose  no  coal  beds  below  the  Hartshorne 
horizon.  The  same  may  be  said  of  the  drill  holes  in  the  vicinity  of 
Fort  Smith.  Small  coal  beds  of  no  economic  value,  which  have  not 
been  correlated  with  each  other  nor  with  the  beds  herein  described, 
are  reported  at  several  places  in  the  large  area  underlain  by  Winslow 
sandstone  north  of  the  western  part  of  the  coal  field,  which  has  been 
examined  in  detail  for  the  Winslow  folio.  All  the  evidence  now  avail- 
able regarding  coal  below  the  Hartshorne  horizon  indicates  that  these 
coals  are  of  greater  thickness  in  the  eastern  part  of  the  field  than  in 
the  western,  where  they  are  practically  absent. 

From  present  indications  further  investigation  of  such  beds  in  the 
vicinity  of  Russellville  and  Dardanelle  is  certainly  justified  and  will 
probably  result  in  extending  the  boundaries  of  the  coal  field  as  at 
present  defined. 

CHARACTER  OF  THE  COAL 
PHYSICAL   CHARACTERISTICS. 

Most  of  the  coals  of  Arkansas  have  a  bright  luster  when  freshly 
mined,  though  parts  of  some  of  the  beds  at  a  few  places  are  described 
as  dull.  They  generally  present  little  evidence  of  stratification  and 
seldom  any  cleavage  parallel  to  the  bedding,  but  the  vertical  cleavage 
or  ''cleat''  is  complex  and  somewhat  indefinite.  Except  at  one  or 
two  mines,  the  cleat  is  an  unimportant  factor  in  mining,  entries  and 
rooms  being  driven  without  respect  to  any  inherent  structure,  though 
the  many  cleavage  planes  affect  the  value  of  the  coal  by  making  it 
fragile. 

All  of  the  coals  are  more  or  less  brittle  and  friable  and  as  mined 
yield  from  10  to  40  per  cent  of  fine  slack,  the  percentage  of  which  is 
probably  an  index  to  the  relative  hardness  of  the  coal  in  different 
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parts  of  the  field.  .  For  example,  miiK*-ruii  coal  In  iTie  Jenny 
Greenwood,  and  Huntington  districts^  at  ihv  west  end  of  ihc  field, 
contains  from  20  to  35  per  cent  slacks  while  that  at  Russellyille,  in 
the  east  ^id  of  the  field,  contains  not  omre  than  10  per  cent.  This 
difference,  however,  is  due  in  part  ta  the  method  of  nmiing.  'WTiere 
the  coal  is  mined  by  blasting  or  shooting  off  tfie  sohd  ^  the  percentage 
of  slack  is  higher  than  that  produced  by  hand  or  pick  mining.  The 
coals  at  Spadra  and  at  Russellville  seem  to  be  of  nearbr  equal  hard- 
ness, but  a  much  higher  per  cent  of  slack  i^  produced  in  the  former 
district  owing  to  the  use  of  powder  in  mining,  the  coal  in  the  latter 
district  being  won  by  pick  mining. 

All  of  these  coals  are  of  comparatively  high  specific  gravity,  ranging 
from  1.29  to  1.49  and  averaging  about  1.35,  which  is  equal  to  the 
average  of  Pennsylvania  bituminous  coals  of  better  grade.  Although 
hardness  and  specific  gravity  are  not  indicated  by  the  results  of 
chemical  analysis,  they  are  of  the  utmost  importance  in  determining 
the  uses  to  which  any  particular  coal  is  best  adapted.  For  example, 
the  hard  coals,  even  though  they  may  produce  a  less  amount  of  heat, 
are  better  adapted  to  domestic  use  than  the  soft  ones.  Coals  of  high 
specific  gravity,  other  things  being  equal,  are  better  adapted  to  use 
under  locomotive  and  marine  boilers  than  light  ones,  since  a  greater 
amount  of  fuel  can  be  stored  in  the  same  space,  and  the  heavier  coals 
also  give  better  results  under  forced  draft.  The  relative  hardness 
and  specific  gravity  of  different  coals  are  doubtless  due  to  a  number 
of  causes,  the  two  more  important  probably  being  the  degree  of  altera- 
tion of  the  original  woody  material  of  which  it  is  composed  and  the 
amoimt  of  impurity  contained  in  the  coal  as  ash.  One  of  the  chief 
advantages  of  the  Arkansas  coals  is  that  in  burning  they  produce 
relatively  little  smoke. 

CLASSIFICATION   OF  THE   COAL. 

The  classification  of  coal  into  the  various  grades  recognized  in 
trade,  based  primarily  on  their  physical  properties  and  their  adapta- 
bility to  particular  uses,  coincides  approximately  with  a  classification 
based  on  the  degree  of  alteration  from  their  original  woody  character, 
coal  of  the  lowest  grade  being  lignite,  while  the  most  highly  meta- 
morphosed coal  is  anthracite.  This  classification  is  indicated  by 
proximate  chemical  analyses  showing  the  proportions  of  fixed  carbon, 
volatile  matter,  water,  and  ash,  which  they  contain.  The  method  of 
analysis  is  as  follows: 

A  small  amount  of  coal  is  crushed  and  reduced  to  fine  powder, 
weighed,  and  then  dried  at  a  temperature  somewhat  above  the  boiling 
point,  which  drives  off  the  g:reater  part  of  the  moisture.     It  is  again 


CLASSIFICATION    OF    THE    COAL. 


85 


covered  crucible  and  heated  in  a  Bunsen  flame  until  all  the  gases  are 
driven  off  and  burned  around  the  edges  of  the  cover.  It  is  then 
cooled  and.  again  weighed,  the  loss  in  weight  being  taken  as  the 
amount  of  volatile  matter.  The  residue  in  the  crucible  now  consists 
only  of  fixed  carbon  and  ash.  In  the  coking  coals  this  residue  wall  be 
fused  into  a  solid  mass,  but  in  others  it  remains  as  an  incoherent 
powder.  It  is  then  heated  over  the  flame  in  an  uncovered  crucible 
until  all  of  the  carbon  is  burned  and  only  ash  remains,  when  it  is  again 
weighed  and  the  difference  between  this  weight  and  the  preceding  is 
taken  as  the  fixed  carbon  and  the  weight  of  the  residue  as  ash. 
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Fio.  28.— Diagram  showing  the  composition  of  cools  from  different  parts  of  the  Arkansas  field.  A,  coal 
from  Bates  district;  B,  Huntington  coal;  C,  Bonanza  and  Jenny  Lind  coal;  D,  Uackett  coal;  E,  Mon- 
treal, Midland,  and  Burma  coal;  F,  Greenwood  coal;  G,  Charleston  coal;  H,  Paris  coal;  I,  Coal  Hill 
and  Denning  coal;  J,  Spadracoal;  K,  Russcllville  coal. 

Such  analyses  are  easily  and  quickly  made  and  are  usually  suffi- 
cient for  classification  purposes  when  taken  in  connection  with  the 
obvious  physical  properties  of  the  coal.  Coals  of  liigher  grades  are 
well  differentiated  by  the  relation  between  the  percentages  of  fixed 
carbon  and  of  volatile  matter  they  contain.  This  relation  is  called 
the  fuel  ratio. 

In  the  original  Pennsylvania  classification  proposed  by  Persifor 
Frazer,  jr.,"  anthracite  coals  have  fuel  ratios  above  12,  semianthra- 
cite  coals  from  12  to  8,  semibituminous  coals  from  8  to  5,  and  bitu- 
minous coals  from  5  to  1.  Generally,  however,  the  limits  of  the  vari- 
ous groups  as  imderstood  in  the  trade  are  somewhat  lower.^  Arkansas 
anthracite  or  semianthracite  coals  have  fuel  ratios  from  S\  to  6i  and 


« Trans.  Am.  Inst.  Min.  Eng.,  vol.  6,  p.  430;  also  Rept.  MM,  Second  Geol.  Survey  Pennsylvania,  1879. 
^Report  on  the  coals  of  Maryland:   Maryland  Geol.  Survey,  vol.  o,  190.5.  p.  239.    Campbell,  M.  R., 
Character  of  Yampa  coals:  Bull.  U.  S.  Geol.  Survey  No.  297, 1906,  p.  87. 
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the  semibituminous  coals  from  6i  to  4^.  As  graded  by  this  standard 
the  Arkansas  coals  range  from  bituminous  to  semianthracite;  those 
in  the  district  south  of  Poteau  Mountain  are  bituminous,  their  fuel 
ratios  averaging  about  3.  The  coals  north  of  Poteau  Mountain  also, 
in  the  western  part  of  the  field,  are  near  the  dividing  line  between 
bituminous  and  semibituminous,  and  may  pyerhaps  be  regarded  as 
semibituminous,  their  fuel  ratios  averaging  nearly  5;  those  in  the  Coal 
Hill-Denning  and  Paris  districts  are  also  semibituminous  and  of 
somewhat  higher  grade,  while  the  coals  in  the  Spadra  and  Russellville 
districts  are  semianthracite,  their  fuel  ratios  averaging  above  7.  The 
relative  grades  of  the  coals  in  the  various  districts  are  shown  graph- 
ically in  the  group  of  diagrams  forming  fig.  28,  those  of  the  highest 
grade,  from  the  eastern  part  of  the  field,  being  at  the  right,  and  those 
of  lower  grades,  from  the  southwestern  part,  at  the  left  of  the  figure. 
A  somewhat  more  satisfactory  determination  of  the  character  of  the 
coal  is  obtained  from  ultimate  analyses,  in  which,  by  more  elaborate 
chemical  methods,  the  exact  amounts  of  carbon,  hydrogen,  oxygen, 
sulphur,  and  other  elements  are  determined. 

EFFICIENCY    OF  THE    COAL. 

The  relative  efficiencies  of  various  coals  are  determined  in  the  lab- 
oratories by  burning  them  in  an  apparatus  called  a  calorimeter,  in 
which  the  amount  of  heat  developed  by  the  total  combustion  of  a 
given  weight  of  the  coal  is  accurately  measured,  and  the  results  of 
such  determinations  are  stated  both  in 'pound  calories  and  in  British 
thermal  units,  the  former  being  the  number  of  pounds  of  water,  at 
maximum  density,  whose  temperature  can  be  raised  1  degree  centi- 
grade by  the  combustion  of  1  pound  of  coal,  the  latter  representing 
the  numl)er  of  pounds  of  water  wliich  will  be  raised  1°  F.  and  being 
ecjual  to  nine-fifths  of  the  former. 

Calorific  vahies  of  coal  can  be  calculated  very  closely  from  idtimate 
analyses  bv  Dulonti^'s  formula: 

Heat  value    per    poimd,  B.    t.  u.-146C  +  62()  (II -^|),  in  wliich 

C,  II,  and  ()  are,  respectively,  the  percenta<rcs  of  carbon,  hydrogen, 
and  oxygen. 

Proximate  analyses  give  only  the  roughest  approximations  to  the 
heat  value  of  coals,  owing  to  the  very  indefinite  composition  of  the 
so-called  volatile  matter.  Proximate  analyses  of  coals  within  any 
given  district  or  field,  however,  vary  but  slightly  from  one  another, 
and  it  may  be  expected  that  the  volatile  combustible  matter  will  have 
about  the  same  relative  value,  so  that  if  a  few  calorific  determinations 
have  been  made  the  heat  values  of  the  otluM's  can  be  roujjhlv  estimated 
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Calorific  determinations  which  have  been  made  of  Arkansas  coals 
give  an  average  value  of  207  B.  t.  u.  for  each  per  cent  of  volatile 
matter  and  146  B.  t.  u.  for  each  per  cent  of  fixed  carbon.  The  heat 
value,  in  B.  t.  u.,  can  therefore  be  roughly  estimated  from  the  proxi- 
mate analyses  as  equal  to  146  times  the  percentage  of  fixed  carbon 
plus  207  times  the  percentage  of  volatile  matter.  The  relative  heat- 
producing  values  of  the  coals  in  the  various  parts  of  the  field  under 
discussion  are  shown  graphically  in  fig.  29,  from  which  it  will  be  seen 
that  the  semianthracites  of  the  eastern  districts  are  sUghtly  lower  in 
efficiencv  than  the  semibituminous  coals  to  the  west. 
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Fig.  29. — Diagram  ahowing  relative  calorific  values  of  coals  from  different  parts  of  the  Arkansas. field. 
A,  coal  from  Batea  district;  B,  Huntington  coal;  C,  Bonanza  and  Jenny  Lind  coal;  D,  Hackett  coal; 
£,  Montreal,  Midland,  and  Burma  coal;  F,  Greenwood  coal;  G,  Charleston  coal;  II,  Paris  coal;  I, 
Coal  Hill  and  Denning  coal;  J,  Spadra  coal;  K,  Russellville  coal. 

SPECIAL  TESTS  AND  ANALYSES. 

ANALYSES   MADE    BY    ARKANSAS    GEOLOGICAL    SURVEY. 

Samples  of  coal  from  twenty-seven  localities  were  collected  by  the 
Geological  Survey  of  Arkansas,  and  proximate  analyses,  including 
specific-gravity  determinations  made  by  the  chemists  of  the  Survey, 
were  published  in  their  preHminary  report."  No  uniform  method  was 
followed  in  collecting  these  samplqs,  some  being  taken  from  work- 
ing faces  of  mines,  while  others  were  from  carloads  or  from  piles  of 
coal  left  on  the  dumps.  They  can  hardly  be  regarded,  therefore, 
as  strictly  representative  of  the  coal  beds  sampled.  Moreover,  the 
method  of  analyses  is  not  stated  in  the  report. 


•Ann.  R^.  Gv)l.  Survey  Arkansas,  1888,  vol.  3,  p.  43, 
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Prtmmide  analyses  fxf  Arkansas  ^oah  made  by  the  Gcot^gi^^ut  Surtiey  iff  AfkariMtiJt, 
l-VmkiynHs  by  Df.  R.  S.  UraokPtt,  tiaslat^  dy  Mr.  J-  P.  Suiith*-] 
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o  Ann.  Kept.  Oeoi.  Survey  Arkansas,  1888,  vol.  3,  p.  43. 

b  Western  Coal  and  Minlne  Co.,  St.  Louis  Sampling  and  Testing  Works,  analyst,  1897.    Twenty- 
second  Ann.  Kept.  U.  S.  Oeol.  Survey,  pt.  3, 1902,  p.  398. 
e  Prairie  Creek  Coal  Co.,  analyses  by  Bureau  of  Equipment,  Navy  Department,  Washington,  D.  C. 
(2  Arkansas  Anthracite  Co.,  Little  Rock.    Prosi>ectus. 

Many  analyses  of  Arkansas  coal  from  various  localities  have  also 
been  made  by  commercial  assayers  working  for  private  parties,  some 
of  which  have  been  reported  to  members  of  the  Geological  Survey. 
Like  those  made  by  the  State  Survey,  the  private  analyses  are  not 
uniform  in  either  the  method  of  sampling  or  the  method  of  analysis; 
but  since  many  of  the  localities  represented  were  not  duplicated  by 
the  present  survey,  it  seems  advisable  to  republish  them.  All  such 
analyses  at  hand,  including  those  made  by  the  State  Survey  and  by 
private  assayers,  are  presented  in  the  above  table. 

FUEL-TESTING   PLANT    SAMPLES. 

The  agents  of  the  United  States  Geological  Survey  fuel-testing 
plant,  at  the  Louisiana  Purchase  Exposition,  in  1904  and  1905,  col- 
lecU^d   four  mis  of  aainples   representing   the   ^Arkansas  coal  .field. 
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collected  mine  samples  from  four  other  mines  and  obtained  several 
carloads  of  slack  from  various  localities  for  experimental  work. 

In  taking  mine  samples  the  following  method  was  invariably 
observed :  ^ 

After  the  face  of  the  coal  was  cleaned  of  any  wer  .nered  coal  or  powder  smoke  a  cut 
was  made  across  the  face  of  the  coal  from  roof  to  floor,  including  all  of  the  benches  of 
coal  mined  and  such  impurities  as  were  not  removed  in  ordinary  work.  This  cut 
was  about  3  inches  wide  and  1  inch  deep.  The  coal  obtained  from  it,  amounting  to 
25  or  30  pounds,  was  caught  upon  an  oilcloth  blanket  spread  upon  the  floor  of  the  mine, 
so  as  to  protect  the  sample  from  water  and  from  including  any  shale  or  clay  fragments. 

The  coal  composing  the  sample  was  then  pulverized  and  quartered  down  according 
to  the  generally  accepted  rules  for  preparing  samples  until  a  quart  sample  was  obtained, 
with  the  particles  of  coal  reduced  to  a  size  not  much  greater  than  one-fourth  inch  in 
diameter.  The  sample  was  placed  in  an  air-tight  galvanized-iron  can  having  a  screw 
top,  and  the  can  was  hermetically  scaled  by  screwing  the  top  down  tight  and  covering 
the  joint  with  tire  tape.  The  can  containing  the  sample  was  then  mailed  to  the  testing 
plant,  and  in  almost  all  cases  it  reached  its  destination  within  two  or  three  days  of  the 
date  of  sampling  in  the  mine. 

The  four  complete  sets  of  samples  from  this  field  are  described  in 
the  report  of  the  fuel-testing  plant  as  Arkansas  Nos.  1,  2,  3,  and  5, 
and  they  will  be  so  designated  in  this  report. 

Arkansas  No.  1,  collected  by  M.  R.  Campbell  and  John  W.  Groves, 
represents  the  coal  locally  known  as  the  Huntington  coal.  It  is  in 
the  horizon  of  the  Hartshome  coal  of  Indian  Territory  and  is  proba- 
bly continuous  with  the  Hartshome  bed.  Sample  A,  laboratory  No. 
1046,  was  taken  at  a  point  where  the  coal  bed  has  a  thickness  of  7 
feet  7  inches,  with  two  partings,  one  of  black  shale  5  inches,  the  other 
of  shale  and  coal  10  inches  thick.  Sample  B,  laboratory  No.  1045, 
represents  the  coal  where  the  bed  is  6  feet  6  inches  thick,  with  two 
partings,  one  of  black  shale  5  inches,  the  other  of  shale  and  coal  1 
foot  thick.  Sample  C,  laboratory  No.  1114,  represents  as  nearly  as 
possible  a  carload  containing  44  short  tons  of  engine  coal  which  was 
shipped  to  St.  Louis  to  be  tested. 

Arkansas  No.  2,  sampled  by  M.  R.  Campbell  and  John  W.  Groves, 
represents  the  coal  bed  that  is  known  locally  as  the  ^' Jenny  Lind 
vein.*'  This  bed  is  in  the  Hartshome  horizon,  and  is  equivalent  to 
if  not  identical  with,  the  bed  mined  at  Huntington,  Ark.,  and  Harts- 
home, Ind.  T.  Sample  A,  laboratory  No.  1053,  represents  the  coal 
where  the  bed  is  3  feet  8i  inches  thick,  with  a  shale  parting  li  inches 
thick  near  the  center.  Sample  B,  laboratory  No.  1049,  represents 
the  bed  where  it  is  3  feet  8  inches  thick,  with  a  similar  parting  2i 
inches  thick.  Sample  C,  laboratory  No.  1160,  represents,  as  near  as 
possible,  a  carload  shipped  to  St.  Louis  for  testing. 

Arkansas  No.  3,  sampled  by  John  W.  Groves,  represents  the  coal 
mined  at  Jenny  Lind.     At  the  point  where  sample  A,  laboratory 

«  CampbeO,  H.  R.,  Field  work,  in  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of 
tbe  United  Stotes  Geological  Smvey:  Bull.  U.  8.  Oeol.  Survey  No.  201, 1005,  pp.  19-20. 
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No.  1115,  was  taken  the  bed  has  a  thickness  of  4  feet  $  inches,  with 
a  3i-mch  shale  parting  near  the  center.  Sample  B,  laboratory  No. 
1118,  represents  the  same  bed  where  its  tbiekjiess  is  3  feet  9  inches, 
with  a  3-inch  parting.  Sample  C,  laboratory  No,  1296,  represents  ; 
carload  sent  to  St.  Louis  for  testing. 

Arkansas  No.  4  was  a  carload  sample  of  slack  for  briquetting  tests, 
representing  four  mines  near  Denning. 

Arkansas  No.  5,  collected  by  John  W.  Groves,  1 A  niiles  west  of  Coal 
Hill,  is  from  a  bed  locally  known  as  the  Denning  bed.  The  coal 
bed  is  in  the  Hartshome  horizon,  and  is  probably  identical  with  the 
Hartshome  bed  of  Indian*  Territory.    Sample  A,   laboratory   No, 

1130,  was  cut  where  the  coal  is  3  feet  9  inches  thick,  with  a  SJ-i^^h 
parting  of  shale  and  coal  near  the  center.     Sample  B,  laboratory  Xo. 

1131,  was  cut  where  the  bed  is  3  feet  9  inches  and  the  shale  parting 

7  inches  thick.  Sanople  C,  laboratory  No.  1331,  represents  a  carload 
consisting  of  about  20  short  tons  of  lump  coal  over  a  1 .8-ixieh  bar  screen 
and  about  20  tons  of  slack  or  coal  that  passed  through  this  screen. 

Arkansas  No.  G,.  laboratory  No.  1542,  was  a  car  sample  of  slack 
mined  at  Jeimy  Lind  and  was  shipped  to  the  fuel-tai»ting  plant  by 
the  operator  for  special  tests  in  briquetting  and  coking.  • 

Eight  special  samples  taken  for  chemical  tests  from  mines  not 
represented  by  carload  tots  are  as  follows: 

Laboratory  numbers  1030  and  1031  represent  a  mine  in  sec.  36,  T.  9 
N.,  R.  31  W.,  near  Jenny  Lind.  They  were  collected  by  John  W. 
Groves.  The  same  mine  is  represented  by  sample  No.  9,  collected  by 
the  Geological  Survey  party. 

Laboratory  Nos.  1040  and  1042  represent  a  mine  in  sec.  22,  T.  9  N., 
R.  26  W.,  near  Denning.  The  bed  is  the  same  as  that  represented  by 
the  samples  under  Arkansas  No.  5,  and  the  coal  measures  3  feet  7 
inches  and  4  feet  5  inches,  respectively,  at  the  two  points  where  sam- 
ples were  cut. 

Laboratory  Nos.  1052  and  1054  represent  a  mine  in  sec.  13,  T.  5  N., 
R.  32  W.,  near  Midland.  They  were  collected  by  J.  Shober  Burrows. 
The  coal  is  without  partings  and  measures,  respectively,  2  feet  10 
inches  and  2  feet  9  inches  at  the  points  where  the  samples  were  cut. 

Laboratory  Nos.  1066  and  1068  represent  a  mine  in  sec.  1,  T.  4  N., 
R.  32  W.,  south  of  Midland.  The  bed  is  in  the  Hartshome  horizon 
and  is  a  western  extension  of  that  mined  at  Huntington.     It  measures 

8  feet  7  inches  and  8  feet  5  inches,  respectively,  at  the  two  points 
sampled,  but  is  divided  by  a  parting  into  two  benches,  both  of  which 
are  mined. 

Twenty-six  samples  from  various  mines  were  taken  by  the  United 
States  Geological  Survey  party  in  the  summer  of  1906.     The  method 
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each  mine.  These  samples  were  numbered  consecutively  in  the  order 
in  which  they  were  collected  and  are  as  follows: 

Sample  No.  1,  laboratory  No.  3155,  represents  the  coal  at  a  strip 
pit  near  Burma  in  sec.  19,  T.  5  N.,  R.  31  W.  The  bed  mined  is  in 
the  Hartshome  horizon  and  is  regarded  as  equivalent  to  that  mined 
at  Hartshome,  Ind.  T.  The  bed  here  is  3  feet  7  inches  thick  without 
partings.     Sampled  by  C.  D.  Smith. 

Sample  No.  2,  laboratory  No.  3154,  represents  one  of  the  working 
faces  of  a  mine  at  Burma  station  in  sec.  20,  T.  5  N.,  R*.  31  W.  The 
bed  is  the  same  as  that  at  the  pit,  represented  by  sample  No.  1, 
laboratory  No.  3155.  It  is  36  inches  thick,  has  a  hard  sandstone  roof 
and  sandy  shale  floor,  and  is  worked  from  a  shaft  about  60  feet  deep. 
Sampled  by  C.  D.  Smith  and  A.  J.  Collier. 

Sample  No.  3,  laboratory  No.  3158,  is  from  a  mine  near  Burma 
station,  in  sec.  19,  T.  5  N.,  R.  31  W.  The  coal  bed  has  an  average 
thickness  of  36  inches  and  is  the  same  as  that  of  sample  No.  2.  It  is 
overlain  by  a  thick  bed  of  hard  sandstone,  but  in  the  western  part  of 
the  workings  shale  of  varying  thickness  intervenes  between  the  coal 
and  the  sandstone.     Sampled  by  C.  D.  Smith. 

Sample  No.  4,  laboratory  No.  3150,  represents  a  mine  in  sec.  19, 
T.  5  N.,  R.  31  W.,  a  short  distance  southeast  of  Montreal  station  on 
the  St.  Louis  and  San  Francisco  Railroad.  The  bed  mined  is  the 
same  as  that  at  the  Denman  and  Red  Rock  mines  and  is  in  the 
Hartshome  horizon,  though  the  roof  is  shale.  The  sandstone  lens, 
which  constitutes  the  roof  in  the  mines  just  mentioned,  thins  out  and 
disappears  before  reaching  this  mine.  The  coal  averages  al)out  42 
inches  thick  without  partings.     Sampled  by  C.  D.  Smith. 

Sample  No.  5,  laboratory  No.  3152,  is  from  a  mine  located  near 
Montreal  station  in  sec.  13,  T.  5  N.,  R.  32  W.  The  bed,  which  is  the 
same  as  that  just  described,  has  an  average  tliickness  of  3  feet  4  inches. 
The  sample  was  taken  by  C.  D.  Smith  from  one  of  the  lowest  entries 
in  the  slope. 

Sample  No.  6,  laboratory  No.  3156,  is  from  a  slope  in  sec.  19,  T.  5  N., 
R.  31  W.,  near  the  line  of  the  St.  Louis  and  San  Francisco  Railroad. 
At  this  place  the  coal  has  been  mined  by  stripping  for  half  a  mile  or 
more  along  the  outcrop  and  sample  No.  1  was  taken  from  a  face 
exposed  in  the  pits.  Where  the  pitch  of  the  coal  has  carried  it  to 
such  a  depth  as  to  make  strip  mining  impracticable,  short  slopes  have 
been  driven  from  the  face  as  exposed.  This  sample  was  collected  by 
C.  D.  Smith  from  the  face  in  one  of  these  slopes  for  comparison  with 
sample  No.  1,  to  determine  the  effect  of  weathering.  The  analyses 
of  the  two  samples,  1  and  6,  however,  are  nearly  identical,  and  indicate 
that  the  coal  is  stable  and  only  slightly  afTected  by  weathering. 

Sample  No.  7,'laboratory  No.  3148,  is  from  a  partially  developed 
mine  located   about  three-eighths  of  a  mile  northeast  of  Burma 
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station.  The  coal  is  reached  by  a  shaft  about  25  feet  deep,  which 
pierces  the  hard  sandstone  lens  that  forms  the  roof  of  the  Red  Rock 
and  Denman  mines.  The  bed  is  not  quite  so  thick  as  that  in  the 
Red  Rock  mine,  and  about  4  inches  near  the  top  is  thrown  out  in 
mining.  The  coal  which  is  hand-picked  and  sacked,  is  used  for 
blacksmithing  purposes  and  brings  a  somewhat  higher  price  than  the 
other  coals  of  the  district.     Sampled  by  C.  D.  Smith.    ^ 

Sample  No.  8,  laboratory  No.  3157,  represents  the  coal  at  a  mine  in 
sec.  18,  T.  6  N.,  R.  31  W.,  about  2  miles  east  of  Hackett.  The  bed 
is  32  inches  thick  without  partings.  It  is  reached  by  a  shaft  60  feet 
deep.  The  sample  was  taken  by  Sidney  Paige  from  a  clean  dry 
working  face.  This  coal  is  in  the  eastern  extension  of  the  bed  mined 
at  Hackett,  Ark.,  and  at  Panama,  Ind.  T.,  and  is  almost  identical  in 
character.  At  Greenwood,  a  few  miles  farther  east,  it  is  very  much 
thicker,  but  is  divided  by  partings. 

Sample  No.  9,  laboratory  No.  3153,  represents  the  coal  from  a 
mine  at  Jenny  Lind.  The  bed  averages  about  6  feet.  The  sample 
was  taken  by  C.  D.  Smith  from  a  working  face  near  the  end  of  one  of 
the  west  entries.  The  mine  was  rather  damp  with  surface  water, 
though  the  face  of  the  coal  was  not  wet. 

Sample  No.  10,  laboratory  No.  3151,  represents  the  coal  in  a  mine  1 
mile  west  of  Jenny  Lind.  It  is  the  same  mine  as  is  represented  by 
the  sample  Arkansas  No.  3,  previously  collected  for  the  fuel-testing 
plant.  The  bed  where  the  sample  was  collected  contains  38  inches 
of  coal  separated  into  two  benches  by  a  parting  of  hard  shale  14 
inches  from  the  floor.     It  was  sampled  by  Sidney  Paige. 

Sample  No.  11,  laboratory  No.  3173,  represents  a  mine  in  sec.  12, 
T.  6  X.,  K.  30  W.,  near  Greenwood.  The  bed  varies  in  thickness 
from  4  feet  to  7  feet  and  is  separated  into  two  benches  by  a  parting 
of  soft  shale  near  the  center,  which  varies  from  a  fraction  of  an  inch 
to  6  inches.  The  sample  was  taken  by  C.  D.  Smith  from  a  working 
face  in  the  lower  part  of  the  mine  as  far  as  possible  from  the  outcrop. 

Sample  No.  12,  laboratory  No.  3175,  represents  the  coal  in  amine 
a  few  miles  east  of  Greenwood.  The  total  thickness  of  the  bed  is 
about  8  feet,  5  feet  of  which  in  one  bench  is  mined.  The  sample  was 
collected  by  C.  D.  Smith  and  represents  the  part  mined. 

Sample  No.  18,  laboratory  Xo.  3218,  represents  a  bed  that  has 
supplied  coal  for  nei^^hborhood  use  from  a  number  of  strip  pits  and 
other  openings  near  Charleston.  The  bed  is  stratigraphically  from 
800  to  900  feet  above  the  Hartshorne  horizon  and  is  provisionally 
correlated  with  that  formerly  worked  near  Caulksville,  Central,  Fort 
Smith,  and  other  places.  It  is  believed  to  be  at  about  the  same 
horizon  as  the  Philpott  bed  north  of  Coal  Hill,  though  the  exact 
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the  Sky  vein,  Coal  Ridge  vein,  etc.  The  sample,  which  is  the  only- 
representative  of  the  coal  at  this  horizon,  was  taken  by  Sidney  Paige 
from  a  small  drift  worked  occasionally  at  the  west  end  of  Coal  Ridge 
in  sec.  20,  T.  7  N.,  R.  29  W.,  a  few  miles  north  of  Aubum.  The 
face  from  which  it  was  cut  had  probably  been  exposed  to  the  air 
for  several  months.  The  bed  has  a  thickness  of  18  inches  without 
partings. 

Sample  No.  14,  laboratory  No.  3174,  is  from  a  mine  at  Paris,  Ark. 
The  mine  is  located  in  sec.  10,  T.  6  N.,  R.  26  W.,  and  the  coal  bed  is 
known  and  described  in  this  report  as  the  Paris  coal.  It  is  from  1,000 
to  1,400  feet  vertically  above  the  Hartshome  coal  and  probably  from 
400  to  600  feet  above  the  Charleston  coal.  The  sample  was  taken  from 
one  of  the  working  faces  in  the  deepest  part  of  the  mine  and  repre- 
sents a  thickness  of  26  inches  without  partings.  The  bed  has  a  firm 
sandstone  roof  from  which  it  is  separated  by  half  a  foot  or  more  of 
draw  slate.  It  is  underlain  by  a  thin  seam  of  fire  clay  and  mining 
is  done  by  undercutting. 

Sample  No.  15,  laboratory  No.  3177,  represents  a  mine  in  the  Shinn 
basin,  south  of  Russellville,  and  was  collected  by  C.  D.  Smith  from 
a  working  face  in  the  deepest  part  of  the  mine.  The  coal  is  reached 
by  a  shaft  70  feet  deep,  located  in  sec.  22,  T.  7  N.,  R.  20  W.  It 
varies  in  thickness  from  30  to  36  inches.  The  bed  is  in  the  Hartshome 
horizon  and  may  be  identical  with  that  mined  in  the  western  part  of 
the  field  at  Huntington,  Jenny  Lind,  and  Greenwood. 

Sample  No.  16,  laboratory  No.  3176,  from  a  mine  in  Shinn  basin, 
south  of  Russellville,  represents  the  same  bed  as  sample  No.  15. 
This  is  the  deepest  mine  in  Arkansas,  the  coal  being  reached  by  a 
480-foot  shaft.  It  is  situated  in  sec.  21,  T.  7  N.,  R.  20  W.  The 
sample  was  collected  by  C.  D.  Smith  from  one  of  the  working  faces 
of  the  mine. 

Sample  No.  17,  laboratory  No.  3368,  from  a  mine  nearSpadra, 
Ark.,  m  the  SW.  J  sec.- 14,  T.  9  N.,  R.  24  W.  The  bed  is  44  inches 
thick,  with  a  parting  of  3  inches  or  more  near  the  middle.  It  is 
mined  from  a  shaft  140  feet  deep.  The  sample  was  cut  by  R.  D. 
Mesler  from  one  of  the  working  faces  of  the  mine. 

Sample  No.  18,  laboratory  No.  3369,  is  from  the  Brooks  mine 
about  2  miles  south  of  Clarksville  in  sec.  17,  T.  9  N.,  R.  23  W.  The 
coal  bed  is  known  as  the  Spadra  bed  and  has  a  thickness  of  34  inches 
with  a  2-inch  shale  parting  near  the  center.  It  is  mined  from  a  shatt 
240  feet  deep.  The  sample  was  taken  by  R.  D.  Mesler  from  one  of 
the  working  faces  of  the  mine. 

Sample  No.  19,  laboratory  No.  3370,  is  from  a  mine  2i  miles  south- 
west of  Coal  Hill.  The  bed  mined  here  is  the  same  as  that  represented 
by  the  sample  Arkansas  No.  5,  of  the  fuel-testing  plant  which  was 
taken  from  a  mine  about  IJ  miles  to  the  west.     Both  of  these  are 
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in  the  Hartshome  honz<in  nmi  are  pn>bai>Iy  iilentical  with  the  bed 
mined  at  Bonanza  and  Huntington,  Tliis  mine  k  a  small  ime  and 
was  not  shut  down  during  the  strike.  The  sample  was  taken  from 
one  of  the  working  faces^  whei^e  the  bed  is  3i  feet  thick  with  a  half* 
inch  parting  near  the  ceuter. 

Sample  No.  20,  labtiratoi^^  No,  3371,  is  from  a  small  mine  at 
Center  Cross  about  2  iniies  west  of  Alius.  The  coal  bed  is  in  the 
Hartshome  horizon  und  is  req^ordf^d  hs  eifidvfilf^nf  tn  fho  dm]  flill 
and  Denning  bed  from  which  sample  No.  19  was  eoUected.  It 
consists,  however,  of  two  beds  of  coal,  each  about  2  feet  thick  with 
18  feet  of  sandy  shale  between  them,  which  is  probably  equivalent 
to  the  parting  found  in  the  Coal  Hill  and  Denning  beds.  In  the 
Denning  field  the  parting  is  known  to  increase  locally  to  a  thickness 
of  6  or  7  feet.  Only  the  lower  bendi,  about  i5  indies  tfaiok,  is  mined, 
and  it  alone  is  represented  in  this  sample,  which  is  cut  from  a  working 
face.  The  mine,  however,  is  shallow,  and  the  total  cov^r  over  the 
coal  where  sampled  does  not  exceed  25  feet.  Sampled  by  R.  D.  Mesler 
and  A.  J.  Collier. 

Sample  No.  21,  laboratory  No.  3372,  is  from  a  mine  in  sec.  30, 
T.  8  N.,  R.  31  W.,  on  Massard  Prairie  about  5  miles  from  Fort  Smith. 
The  coal  bed  which  is  regarded  as  equivalent  to  the  bed  mined  at 
Jenny  Lind  and  Bonanza,  is  from  27  to  30  inches  thick,  with  ashale 
parting  less  than  1^  inches  thick.  Its  upper  bench  is  said  to  be 
softer  and  freer  from  impurities  than  the' lower.  The  sample  was 
collected  by  C.  D.  Smith  from  the  working  face  under  a  cover  of 
about  30  feet. 

Sample  No.  22,  laboratory  No.  3407,  represents  the  coal  from  a 
mine  in  sec.  23,  T.  9  N.,  R.  24  W.,  near  Spadra.  The  coal  is  mined 
from  a  shaft  100  feet  deep,  and  is  known  locally  as  the  Spadra  bed. 
It  is  in  the  Hartshome  horizon  and  is  equivalent  to  the  coal  mined 
at  Jenny  Lind  and  Huntington,  Ark.,  and  at  Hartshome,  Ind.  T. 
The  sample  was  taken  by  R.  D.  Mesler  from  one  of  the  working  faces, 
where  the  coal  is  3  feet  5  inches  thick  with  a  2-inch  shale  parting  near 
the  center. 

Sample  No.  23,  laboratory  No.  3503,  represents  the  upper  part  of 
the  coal  bed  at  a  mine  in  sec.  21,  T.  3  N.,  R.  32  W.,  south  of  Poteau 
Mountain.  This  bed  is  divided  into  four  benches,  the  upper  three 
each  about  2  feet  thick,  separated  by  2-inch  shale  partings.  The 
lower  bench  is  about  4  feet  thick  and  is  separated  from  the  upper ' 
ones  by  30  inches  of  shale  and  bone.  Only  the  lower  bench  is  mined. 
This  sample  represents  the  three,  upper  benches  of  the  mine,  includ- 
ing the  partings,  and  was  obtained  by  boring  a  hole  upward  from 
the  roof  of  the  lower  bench  through  the  upper  three  benches,  the 
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Sample  No.  24,  laboratory  No.  3505,  represents  the  coal  produced 
at  a  mine  in  sec.  21,  T.  3  N.,  R.  32  W.,  near  Bates.  This  is  a  new 
mine  opened  by  a  slope  from  which  no  entries  have  been  turned. 
Only  the  lower  bench,  4  feet  thick,  is  mined.  The  sample  was  taken 
by  C.  D.  Smith  from  the  workings  face  and  represents  unweathered 
coal. 

Sample  No.  25,  laboratory  No.  3500,  represents  the  coal  at  a  mine 
in  sec.  14,  T.  4  N.,  R.  32  W.,  about  2  miles  east  of  Hartford.  The 
coal  bed  is  52  inches  thick,  with  a  10-inch  clay  parting  near  the  bot- 
tom, and  the  lower  bench  is  not  mined.  Only  the  upper  bench,  3 
feet  6  inches  thick,  is  represented  by  the  sample,  which  was  collected 
by  C.  D.  Smith  from  one  of  the  working  faces. 

Sample  No.  26,  laboratory  No.  3497,  represents  the  coal  mined  in 
sec.  21,  T.  6  N.,  R.  32  W.  The  mine  is  a  new  one  and  has  been  in 
operation  for  only  a  few  months.  It  is  opened  by  a  slope  with  an 
incline  of  about  15*^  from  the  outcrop.  The  bed  is  3  feet  S  inches 
thick  and  is  without  parting.  It  has  a  sandstone  floor  and  about  4 
inches  of  draw  slate  between  the  coal  and  the  solid  shale  roof.  The 
sample  was  collected  by  C.  D.  Smith  from  one  of  the  working  faces. 

CHEMICAL   ANALYSES. 

Analyses  and  other  tests  of  the  samples  described  above  were 
made  under  uniform  conditions  at  the  fuel-testing  plant.  All  of  the 
samples  were  tested  by  proximate  analyses.  After  they  had  been 
pulverized  most  of  the  samples  were  exposed  to  dry  air  at  ordinary 
temperatures  until  their  weight  became  stable  and  their  basis  of 
moisture  on  air  drying  was  carefully  determined.  In  this  way  the 
samples  were  brought  to  a  nearly  uniform  condition  as  regards  mois- 
ture before  analysis.  In  the  following  tables  the  analyses  of  the 
samples  as  received  and  after  air  drying  are  given.  Owing  to  the 
provisions  of  the  law  authorizing  the  work  done  at  the  fuel-testing 
plant,  the  names  of  the  operators  from  whose  mines  the  samples 
were  obtained  can  not  be  printed. 

For  comparison  of  coals  from  the  various  districts  the  analyses  of 
the  air-dried  samples  are  preferable.  It  will  be  seen  from  these 
analyses  that  the  moisture  retained  in  the  Arkansas  coals  after  air- 
drying  is  nearly  constant,  the  limits  of  variation  being  from  0.51  to 
1.28  per  cent.  All  the  samples,  except  five,  noted  in  the  table,  were 
mine  samples. 
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Analytes  of  coal  samples  from  Arkansas — Continued. 
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NO.W.      No.  5  A. 

Ark. 
N0.5B. 

Ark. 

No.  5 

C.a 

337a        iiaa 

1131. 

1331. 

3.41 
12.09 
7S.« 

40S 


1.38 
1476 
7CL91 

i.a 


1.80  ' 

15.00 

75.94 

7.26 

1.94 


2.36 
12.68 
72.88 
12.08 
1.99 
182 
7^44 


14#4^ 


430 

7.9a  . 
i4a»  . 

7,366 

13.259 

;t«» 

.:• 

L» 
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Analyses  of  coal 

samples  from  Arkansas — Continued* 

Distric 
Nearos 

t 

tt  town 

Spadra. 
Spadra. 

Clarksville. 

U.S.  G.  S. 
No.  18. 

Russel 
Russel 

Iville. 
Iville. 

Name  of  sample 

U.  8.  G.  S. 
No.  17. 

U.S.  0.  S. 
No.  22. 

3407. 

U.  8.  G.  S. 
No.  16. 

U.S.  G.8. 
No.  10. 

Labor] 

fttory  number 

3368. 

3369. 

L72 
10.46 
79.60 
8.32 
2.49 

3177. 

3170. 

An&ly 

Moisture 

Voiatiie  matter 

2.11 
11.42 
77.83 
8.64 
L99 

2.16 
10.82 
76.87 
10.16 

2.30 

2.33 
10.60 
77.67 
9.40 
1.81 

2.07 
9.81 

^" 

Fixed  carbon 

78.82 

&4 

iTAsh 

ISulphur 

Hydrogen 

9.30 
1.74 
3.62 

*» 

Carbon 

80.28 

t^ 

Nitrogen 

1.47 

Oxygen i 

3.59 

Caloril 
Ca 
Bx 

Ic  v^ue  determined:                  i 

lories 

itish  thermal  units ' 

7,619 
13,714 

7,704 
13,8t)7 

7,612 
13,703 

Loss  ol  moisture  on  air  drying \ 

1.00 

1.40 

.70 

1.60 

1.40 

Anaiy 

sis  of  air-dried  sample: 

Moisture 

Volatile  matter 

1.12 
11.54 
78.62 
8.73 
2.01 

.70 

10.97 

77.90 

^   10.30 

2.  ,33 

i.a3 

10.53 
80.00 
8.38 
2.51 

.74 

10.77 

78.93 

9.55 

1.84 

.08 
9.93 

£' 

Fixed  carbon . . 

79.94 

a. 

/Ash 

Sulphur 

9.43 

1.70 

3. 07 

a. 

Carbon ' 

81.42 

o 

Nitrogen 

1.49 

Oxygen - -  - 

3.04 

Caloril 
Ca 
Bi 

Fuelr 

Ic  vfidue  determined: 

lories 

itish  thermal  uuits 

7,693 

13,853 

6.82 

7,758 

13,965 

7.59 

7,720 

13,896 

fttio 

7.11 

7.  .13 

8.04 

COKING    TESTS. 

Although  some  of  the  Arkansas  coals,  especially  those  from  the 
western  part  of  the  field,  seem  to  coke  in  laboratory  experiments, 
none  of  them  have  yet  been  successfully  coked  on  a  commercial 
scale.  Laboratory  tests  made  at  St.  I^uis  indicated  that  the  sam* 
pies  called  Arkansas  Nos.  1  and  2,  representing  the  mines  at  Hunt- 
ington and  Bonanza,  respectively,  are  coking  coals."  Parts  of 
each  of  the  five  representative  carload  samples  sent  to  the  fuel- 
testing  plant  were  tried  in  a  beehive  coking  oven  and  all  gave 
negative  results.** 

In  order  to  determine  whether  or  not  the  Arkansas  coals  could  be 
made  to  produce  coke  by  mixing  them  with  small  amounts  of  more 
highly  bituminous  coal  from  other  sources,  or  by  adding  pitch  to  act 
as  a  binder,  a  test  was  made  of  lump  and  slack  coal  from  mine  No.  18 
at  Jenny  Lind.  A  charge  consisting  of  a  small  amount  of  briquets, 
containing  6  per  cent  of  hard  pitch,  was  placed  in  an  oven  with  a 
coking  coal  and  produced  a  dense  coke  high  in  ash. 

Equal  parts  of  unwashed  slack  mixed  with  8  per  cent  of  hard  pitch 
and  briquets  made  of  the  same  material  gave  a  very  dark  coke  with 
large  cells.     This  charge  contained  640  pounds  of  pitch  and  weighed 

ttprof.  Paper  U.  8.  Oeol.  Survey  No.  48.  pt.  1,  1904,  p.  300.  t>  Idem,  pt.  3,  pp.  1328-1332. 


100  THE   ARKANSAS   COAL   FIELD. 

8,000  pounds.     It  burned  42  hours  and  yielded  4,056  pounds  of  coke 
and  53d  poimds  of  breeze  and  ash. 

Slack  mixed  with  8  per  cent  of  pitch,  without  briquetting,  gave  a 
dark-gray  coke  that  was  high  in  ash  ^d  bftd  no  metric  ring,  which 
can  be  used  where  high  ash  and  sulphur  are  not  important  oonsid^l^* 
tions.  These  tests  are  valuable,  since  they  show  that  although  most 
of  the  Arkansas  coals  are  naturally  noncoking  they  may  be  made  so 
by  the  addition  of  pitch. 

BRIQUETTING  TESTS. 

The  friable  nature  of  the  coal  and  the  high  percentage  of  slack 
resulting  from  it  are  notable  drawbacks  connected  with  the  coal- 
mining industry  in  Arkansas.  The  slack  has  a  high  fuel  value  and 
is  not  notably  impure  as  regards  ash,  but  is  difficult  to  bum  econom- 
ically, since  it  requires  special  grates  ajid  is  not  worth  more  than  one- 
third  as  much  as  the  lump  coal.  For  this  reason  any  method  of 
utilizing  the  slack  and  increasing  its  value  is  of  considerable  impor- 
tance, and  the  possibility  of  making  it  into  briquets  has  therefore 
been  considered.  The  fuel-testing  plant  at  St.  Louis  was  equipped 
with  two  briquetting  machines,  one  of  Enghsh  make,  producing  a 
rectangular  briquet  6  by  5  by  4  inches,  the  other  of  American 
design,  producing  eggettes  weighing  0.3  pound.  Slacks  from  nearly 
every  part  of  the  Arkansas  field  were  tested,  but  all  attempts  to  pro- 
duce briquets  from  the  coal  alone  were  unsuccessful.  It  was  found, 
however,  that  by  adding  to  the  slack  from  6  to  10  per  cent  of  pitch, 
obtained  from  the  by-products  of  various  gas  plants,  good  briquets, 
that  have  a  somewhat  higher  heat-  and  steam-producing  value  than 
the  original  coal,  can  be  made.  A  full  description  of  the  various 
l)ri(jUotting  tests  made  at  St.  Louis  is  contained  in  the  report  of  the 
fuel-tost iutj:  plant,  pp.  1389  to  1472,  from  which  the  following  more 
salient  results  have  been  abstracted." 

Slack  from  the  mines  at  Huntington  was  tested  with  a  hard  pitch, 
()  tons  beino:  mixed  with  9.25  per  cent  of  pitch  and  made  into 
l)ri(|ucts  in  the  Ent]:lish  machine.  The  briquets  were  compact  and 
well  pressed,  but  were  too  friable  for  handling,  showing  that  they 
contained  insuflicient  pitch.  They  were  also  bro\\Tiish  in  color  and 
vcrv  dirty.  (\)al  from  Jenny  Lind  wa^  also  tested  with  hard  pitch, 
l)ri(|Uots  hein*;  made  in  the  English  machine.  Six  tons  of  crushed 
lump  coal  were  run  through  the  machine,  which  was  set  to  give 
approxinuUcly  1  1  |hm'  cent  of  |)itch,  but  the  briquets  were  pitchy 
aiul  wrinkled,  and  |>rol)ably  contained  nearer  15  than  11  per  cent. 
.Vlthoui^h  these  were    not    commercial   briquets,  a  boiler  test   made 
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with  them  showed  that  they  were  well  adapted  to  produce  steam. 
Thfe  pitch  used  for  both  these  lots  of  briquets  was  too  hard  to  give 
thtf  best  results. 

Seventeen  tons  of  coal  from  the  Denning  field  were  briquettod 
in  the  EngUsh  machine  with  6  per  cent  of  comparatively  soft  pitch, 
for  the  purpose  of  making  locomotive  tests  on  the  Missouri  Pacific 
Railway.  Excellent  briquets  were  obtained,  which  were  readily 
handled  while  warm,  stood  a  good  deal  of  handling  when  cold,  and 
did  not  break  so  readily  as  the  original  lumps  of  coal.  They  were 
tested  for  locomotive  use  in  comparison  with  Illinois  coal.  '  Three 
trips  were  made  from  St.  Louis  to  Washington,  Mo.,  an4.  return, 
making  a  total  of  324  miles  for  each  fuel.  The  comparative  results 
of  the  test  are  best  stated  in  terms  of  the  nmnber  of  miles  run  per  ton 
of  coal,  which  for  the  Arkansas  briquets  averaged  21  miles  per  ton, 
while  with  the  coal  from  Illinois  only  19  miles  per  ton  was  made 
by  the  same  train.  The  results  showed  that  the  Arkansas  briquets 
have  greater  efficiency  than  the  IlHnois  coal  and  indicate  that  by 
briquetting  the  slack  it  is  possible  to  obtain  a  high-grade  fuel.  The 
briquets  were  said  to  be  too  large  for  locomotive  use  and  had  to  be 
broken  before  the  engine  could  ste^m  well. 

BOILER   TESTS. 

Seventy  boiler  tests  of  car  samples  representing  coals  from  many 
diflFerent  localities  and  fields  in  the  United  States  were  made  under 
uniform  conditions  at  the  fuel-testing  plant  in  St.  Louis,  and  the 
tabulated  results  obtained  have  been*  published  in  part  2  of  the 
report  of  the  coal-testing  plant  for  the  year  1904."  Eight  of 
these  tests  were  of  coals  from  the  Arkansas  field,  including  both 
natural  coal  and  briquets  made  by  combining  slack  or  crushed  coal 
with  a  certain  amount  of  pitch.  Four  of  the  tests  were  of  natural 
coal. 

The  boiler  plant  was  equipped  with  two  210-horsepower  Heine 
water-tube  boilers.  The  same  boilers  were  used  for  all  the  tests,  and 
an  effort  was  made  to  have  the  coals  nearly  uniform  in  size,  the  usual 
size  being  small  lump  and  egg  mixed  with  varying  amounts  of  slack. 
Full  details  regarding  these  tests  are  available  for  further  examination 
in  the  professional  paper  cited,  from  which  a  few  of  the  more  obvious 
and  important  results  have  been  abstracted  in  the  accompanying  table 
to  show  the  relative  efficiencies  of  various  Arkansas  coals.  From 
these  figures  it  will  be  seen  that  while  the  coal  (Arkansas  No.  5)  from 
the  Denning  district  is  higher  in  the  scale  of  classification  than  the 
other  coals  tested,  its  efficiency  in  heat  and  steam  production  is  some- 

o  Prof.  Paper  U.  S.  Geol.  Survo.y  No.  48,  1906. 
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what  lower.     The  rt?su!ts  selected  f rt^ni  the  report  cited  for  purposes 
of  comparison  are^ 

1 ,  The  number  of  pounds  of  waUr  at  tlie  btiilin^  point  which  C4iii  be 
converted  into  stetini  at  the  Eam^  temperature  by  the  coaibustioD 
of  1  pound  of  drv*  coal. 

2,  The  amount  of  heat  abjsorbed  by  the  boiler,  8tat«d  in  British 
themml  units.  This  is  equal  to  the  number  of  pounds  of  water 
evaporated  at  212°  multiphed  by  965.7  tlie  number  of  British  thennal 
units  required  t<^  convert  1  pound  of  water  into  i^team.  This  result 
is  given  for  comparison  mth  the  next  to  indicate  the  proportion  of  the  I 
total  heat  value  fif  the  coal  available  for  the  production  of  steam.  It 
is  a  factor  which  depends  to  a  considerable  extent  on  the  appliances  i 
for  burning  the  coal,  and  wiih  enf^ines  better  adapted  tc>  any  particular  H 
coal  would  prcjbably  he  larger  than  the  figures  given,  ^ 

3,  The  calorific  value  of  the  dry  coal  stated  in  British  thermal  units  ^ 
as  determined  by  the  oxygen  calorimeter.  This  factor  gives  the  total  ■ 
heat  value  of  the  coal.  " 

4,  The  number  of  ]>omids  of  coal  per  hour  required  to  produce  one 
indicated  horsepower.  This  figure  is  calcidated  theoretically  from 
the  determinations  given  in  the  first  colunm,  together  with  other 
factors t  it  being  estimated  that  344  pounds  of  water  evaporated  per 
hour  into  dry  steam  from  and  at  212^  F,  equal  1  horsepower.  ^m 

5,  The  last  column  gives  the  nuniber  of  pounds  of  dry  coal  consumed 
per  hour  per  electric  liorsepower,  which  may  lie  re^rarded  as  the  nctiial 
measured  horsepower  produced.  It  will  be  seen  that  as  far  as  these 
tests  go  the  coals  from  Bonanza  and  Jenny  Lind,  Arkansas  Nos.  2 
and  3,  are  more  efficient  than  those  from  Denning  and  Hunting- 
ton, Arkansas  Nos.  5  and  1,  respectively.  In  order  to  conapare  the 
efficiency  of  the  Arkansas  coals  in  general  with  the  coals  from  other 
parts  of  the  United  States  with  which  they  come  in  comj)etition,  a 
second  table  is  given  in  which  the  average  results  from  4  Arkansas 
coals  are  combined  with  similar  results  from  12  coals  from  West  Vir- 
ginia, 6  from  Illinois,  4  from  Indian  Territory,  8  from  Kansas,  and  8 
from  Missouri.  It  will  be  readily  seen  from  this  table  that  average 
Arkansas  coals  are  nearly,  though  probably  not  quite,  as  efficient  as 
those  from  West  Virginia,  and  that  they  are  better  than  coals  from 
Indian  Territory  and  Kansas,  and  very  much  better  than  those  from 
Illinois  and  Missouri. 

Although  these  results  and  the  comparisons  based  on  them  would 
undoubtedly  be  modified  if  they  were  obtained  from  boilers  and  grates 
especially  adapted  to  the  coal  burned,  it  is  believed  that  they  show 
fairly  well  the  relative  efficiency  of  the  Arkansas  coal  ^  compared 
with  other  coals  with  which  it  comes  into  cotnpetition, 
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Determinations  of  efficiency  of  four  Arkansas  coals  by  boiler  tests,  and  averages  of  coals 
from  various  other  States  for  comparison. 


Designation. 

Water  at 
212°  F.  evap- 
orated per 
pound  of  coal. 

Calorific 
British  ther- ,  valueinB.t.u. 
raal  units  ab- !       deter- 
sorbed  by    mined  by  ox- 
boiler,          ygen  calo- 
j      rlmeter. 

Pounds  of 
coal  per  bour 
per  indicated 
ncrsepower. 

Pounds  of 
coal  used  per 
electric  horse- 
power hour 

Arkansas  No.  1,  Himtington.... 

Arkansas  No.  2,  Bonanza 

Arkansas  No.  3,  Jenny  Lind .... 

Arkansas  No.  5.  Coal  HiU 

4  A  rkan<*a"  coal* 

Povnds. 
8.86 
9.72 
9.50 
8.04 
9.03 
9.72 
7.55 
8.19 
8.23 

8.55f5 
9,387 
9,174 
7,764 
8,720 

13,572 
14,244 
14,151 
13,617 

3.12 
2.91 
2.98 
3.52 
3.13 
2.92 
3.75 
3.46 
.1  on 

J.86 
3.59 
3.68 
4.34 
3  87 

12  West  Virginia  coals 

9,388  j              i4;466 
7,292  ,              12.292 
7,909                12,820 
7  Q4«  1                19  Qe-l 

3.61 

6  Illinois  coals 

4.64 

4  Indian  Territory  coals 

8  Kansas*  coals, .  - .   . .   , 

4.28 

4  OR 

S  Missouri  coals  . 

7.60  1                7  239  !              12  169  (                 3  77  i                   4  66 

2  Alabama  coal**- 

8.17                  7,894  '              12,746  i                 3.33                     4.11 

!                          1                         .1                          1 

CONDITIONS  OF  MINING  AND  DEVELOPMENT. 

production: 

The  statistics  of  coal  mining  in  Arkansas  for  the  last  sixty-five  years 
show  a  production  of  220  tons  in  the  year  1840  and  200  tons  in  1860.^ 
During  those  years  the  coal  was  used  almost  exclusively  for  black- 
smithing,  and  was  obtained  from  strip  pits,  which  were  worked  only 
occasionally.  The  development  of  the  coal  industry  on  a  commercial 
scale  was  started  about  1870,  when  a  steam  plant  was  put  in  operation 
at  the  mouth  of  Spadra  Creek.  Coals  from  the  Ouita  basin  and  the 
Coal  Hill  mines  were  brought  to  market  about  1873,  after  the  exten- 
sion of  the  Little  Rock  and  Fort  Smith  Railroad. 

By  the  year  1880  the  production  had  reached  14,778  tons,  and 
from  that  time  it  steadily  increased  until  1903,  when  it  attained  a 
maximum  of  2,229,172  tons.  The  decline  in  production  since  1903 
is  attributed  to  the  competition  of  fuel  oil,  of  which  there  was  over- 
production in  Texas.  Present  conditions,  however,  indicate  that 
the  demand  for  Arkansas  coal  is  again  increasing,  and  were  it  not 
for  the  scarcity  of  labor  and  a  general  strike  from  April  to  June,  inclu- 
sive, the  production  in  1906  would  probably  have  nearly  equaled 
that  of  1903. 

The  four  tables  following,  abstracted  from  Mineral  Resources  of 
the  United  States  for  1905,^  show  the  progressive  increase  of  the  coal 
production  since  1840,  the  amounts  produced  in  the  various  counties 
since  1901,  and  the  production,  value,  average  price  per  ton,  and 
number  of  men  employed  in  the  various  counties  in  1904  and  1905. 

From  the  third  table  it  will  be  seen  that  the  greatest  output  is 
from  Sebastian  County,  though  the  coals  of  the  eastern  end  of  the 
district — namely,  from  Shinn  and  Ouita  basins — command  the  hij^hest 


o  Ann.  Rept.  Geoi.  Survey  Arkansas  for  1888,  vol.  3,  p.  27. 

t>  Mineral  Resources  U.  8.  for  1906,  U.  S.  Geol.  Survey,  1906,  pp.  550-552. 


price,  wliile  those  from  the  Parb  basin  are  second  in  price  and  those 
from  the  Spadra  and  Coal  Hill  fields  third.  A  fourth  table  showing 
the  average  price  per  ton  of  the  coals  of  neighboring  States  which 
come  in  competition  with  the  Arkansas  coals  is  given  for  comparison."* 

Average  produpikfti  of  i^fml  in  ArkansoB,  1840-1905,  _ 


[BbortlouB,] 

1 

1              Year* 

Quantity. 

• 

Year, 

QuantltT. 

Year, 

Quantity. 

IMJ „„..„, 

330 

200  , 
14,778 
30,000 
25,000 
SO,  000 
75,000 
100,000 
125,000 

ia9,eoo 

1888.., 
1889... 

270,584 
300,888 

535,afi8 

C74,763 

512,030 

5»fi,323  1 

875,374 

8»ta90 

18Bg„..,^„...._ 

L,  305, 47^ 

tMO. .„,^ , 

1889 , ,. 

fi4S.554 

lESO. -,.... ..,..*..... 

]8a0.„— --- - 

isoo„„ 

1§S1     ._-.,,.-.. 

ISOL., 

: 

IHOK. ^-. .  +  -..... 

j«g> „„,, 

18&3.. -, ., 

|ftJ2,_ ,.._ 

188;^..., , 

1  19S« _._. 

ivoa.. .„, 

3>3^,  m 

181*4     ,»,.,*....- 

1S94... 

_^..  ....... 

Ifl04^  **..,,*       ..,* 

3,00P,4S| 

188&              ,       .V, 

laas.*.*.,  .    -»*.    . 

1905 

1,934}<IT1 

law*  --.^^ .^ 

1§M 

1887 

1  J8S7*  ,     .... 

Coalprodtic 

Hon  of 

Arka7^mu,  J9Qi-1905, 
[Bhotl  tofl«.l 

^  ecmntir^. 

County. 


Pope .....,.-. ........ 

SebastiAn  ,..**.,..,. 

Otb&r  cotintlfls  and  nmatl 
mJji«4 . ,,„,...,. 

Toui.,* , 

Total  voJue. . .. . . 


5a4>9M 

1,306,160 
fipOOO 


1M9. 


t2,06e,ei3 


.118  p  0)3 
19«,258 
21,751 

l,.'t^5J»l 

»0,7a3 


SZ, 538;  214 


3(H,g»4 

27)286 

48,g36 

1,II^,88S 

a^^379 


3,22ffHlT3 
13,  am,  831 


1904, 


40fi,404 

217,697 

95,300 

.11,488 

1,ZM,794 

<ii,Toe 


2,D09,4&I 

s^Tioa^eeo 


t905. 


420,384 
314,234 

a&,ooo 

39, €85 
hl80,4SS 

44,^ 


l«fiS4,S73 
12,880,738 


lueitML^I  +) 

or  de- 
ere4«e  (— ) 

1906. 


+  1M»0 

-  3,«3 

-  9,210 

-  n,H]S 

-  45,330 

-  l^,8K 


-    74,778 
-1221,922 


o  Includes  also  production  of  Perry  County. 
Coal  production  of  ArhansaSy  in  1904  and  1905^  by  counties,  ruea,  etc. 


1904. 


County. 

Loaded 
at  mines 
for  ship- 
ment. 

Sold  to 
local 
trade 
and  used 
by  em- 
ployees. 

Used  at 
mines  for 

steam 
and  heat. 

Total 
quantity. 

Total 
value. 

Avei^ 
pSce 

Aver- 
age 
num- 
ber of 
dava 
active. 

Average 
number 
of  em- 
ployees. 

Franklin 

•  8hoH 
tons. 
400,994 
210,062 
30,700 
44,053 
1,174,630 
50,720 

Short 

tons. 

2,000 

2,050 

3,770 

460 

24,544 
1,068 

Short 
tons. 
5,500 

830 

6,975 

35,620 

920 

Short 

tons. 

408,494 

217,667 

35,300 

51,488 

1,234,794 

61,708 

1582,708 

302,445 

n,461 

166,245 

1,780,203 
101,603 

$1.43 
1.80 
2.19 
3.27 
1.44 
L66 

168 
176 
194 
180 
468 
194 

605 

Johnson 

6S2 

Logan 

115 

Pope 

229 

Sebastian 

^'"S 

Scott  and  Washington. . 

Total 

1,920,159 

33,892 

65,400 

2,009,451 

3,102,660 

L54 

165 

4,580 

1905. 


Franklin,. 

Logan.,.,. 
Pfip<i„v,.. 
^bn  jitian . 


413,384 

IriXN) 

6,000 

420,384 

t5S5,410 

•L3& 

204,001 

i,m 

B,m 

214;^ 

36^,390 

1.70 

34,3(30 

aoa 

000 

36,000 

58,38S 

124 

S3,flS3 

»m 

4,BS» 

30«68S 

140.03tJ 

3.63 

1.150,856 

7,667 
l.^4S 

^'JS 

l;l%>455 

44.  HM 

1,068,007 

AS  014 

t40 

I   43 

202 

?so 

104 

LV 

im 

m 

317 

140 

158 

2,m 
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Average  -prices  for  coal  at  the  mines  in  Arkansas  and  neighboring  regions,  1901-1905. 

[Per  short  ton.] 


State  or  Territory. 


Alabama 

Arkansas 

IlUnois 

Indiana 

Indian  Territory. 

Iowa 

Kansas 

Kentucky 

Missouri 


901. 

1902.   1 

1903. 

1904. 

1905. 

$1.10 

$1.20 

$1.22 

$1.20 

$1.21 

1.14 

1.31  , 

1.51 

1.54 

1.49 

1.03 

1.03 

1.17 

1.10 

1.06 

1.01 

1.10 

1.23 

1.11 

1.05 

1.62 

1.51 

1.82 

1.82 

1.76 

1.39 

1.47 

1.65 

1.61 

1.56 

1.22 

1.30  i 

1.52 

1.52 

1.46 

.95 

.99 

1.06 

1.04 

.99 

1.24 

1.38, 

1.61 

1.63 

1.58 

METHODS    OF    MINING. 

The  methods  of  mining  practiced  in  Arkansas  are  well  adapted  to 
the  local  conditions.  The  following  general  statements  regarding 
these  methods  are  given  for  the  information  of  readers  who  are  not 
familiar  with  those  conditions. 

System  of  working  coal. — Coal  was  first  mined  in  Arkansas  by  strip- 
ping, and  in  some  pits  this  method  of  mining  is  still  followed,  but 
most  of  the  coal  now  mined  is  from  deeper  workings,  which  are 
reached  either  by  slopes  or  shafts,  the  deepest  mine  in  the  State  being 
a  480-foot  shaft  in  Shinn  basin  in  the  eastern  part  of  the  field.  In 
regard  to  mining  by  stripping  httle  need  be  said,  since  the  workings 
operated  in  this  way  are  of  rather  small  extent,  and  much  of  the  coal 
accessible  by  this  method  has  already  been  mined.  As  a  rule,  the 
overlying  soil  and  shale  are  removed  either  by  hand  or  by  horse- 
power to  a  maximum  depth  of  about  10  feet.  The  quality  of  the 
coal  obtained  is  not  greatly  affected  by  weathering,  and  some  coal 
beds  that  are  only  18  inches  thick  can  be  profitably  worked. 

Most  of  the  deeper  mines  are  still  comparatively  shallow,  the  aver- 
age depth  being  less  than  200  feet.  In  such  mines,  whether  opened 
by  shaft  or  slope,  the  room-and-pillar  system  of  mining  prevails,  with 
local  modifications,  throughout  the  whole  field.  The  pillars  are  not 
drawn  after  the  rooms  are  exhausted.  The  entries  are  usually  double 
in  the  larger  mines,  but  in  many  small  mines  single  entries  are  used. 
Some  of  the  beds,  especially  those  in  which  the  coal  is  thin  but  of 
high  grade,  could  probably  be  worked  more  economically  by  the 
"long  wall"  system,  though  it  is  not  known  that  this  has  been  em- 
ployed anywhere  up  to  the  present  time. 

Mining. — The  actual  mining  of  the  coal  is  generally  done  by  shoot- 
ing or  blasting  it  off  the  solid  face  of  the  bed.  Owing  to  the  friable 
nature  of  the  coal,  this  practice  results  in  the  formation  of  a  large 
percentage  of  slack,  but  it  seems  to  be  the  most  effective  method  pos- 
sible in  many  of  the  mines,  where  the  floor  is  hard  and  not  well  adapted 
to  undercutting.  In  some  of  the  smaller  mines,  where  the  coal  is  of 
high  grade  and  commands  a  good  price,  undercutting  by  haxvd  \^  VW 
method  used^  and  in  a  few  mines  where  the  bed  is  divided  by  a  ip^btVvwg^ 

lOeie^Bull.  326—07 8 
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of  soft  shale  or  clay  this  is  mined  out  by  hand  and  the  upper  bench 
wedged  down,  after  which  the  lower  one  is  either  wedged  up  or  shot 
off  the  solid.  Where  the  coal  is  hand-mined  the  percentage  of  slack 
is  generally  lower  regardless  of  other  characters  of  the  coal. 

No  mining  machines  of  any  kind  are  used  in  Arkansas,  and  such 
machines  are  not  likely  to  be  used  in  the  immediate  future,  since  the 
beds  generally  are  comparatively  thin,  and  the  percentage  of  slack 
from  the  cuttings  of  machines  would  probably  be  nearly  as  great  as 
that  made  by  shooting  from  the  solid. 

Haulage,  ventilation,  and  drainage, — In  most  of  the  larger  mines 
haulage  from  the  rooms  to  the  main  heading  is  by  mules  and  in  the 
main  gangway  by  rope  or  cable,  or,  as  in  one  of  the  mines  at  Bonanza, 
by  electric  motors.  In  many  of  the  mines  mules  are  used  throughout 
and  in  a  few  instances  the  cars  are  moved  wholly  by  hand.  Ventila- 
tion is  accomplished  in  the  larger  mines  by  fans  and  in  the  smaller 
ones  by  fire  boxes.  The  mines  are  comparatively  free  from  gas,  and 
accidents  from  this  cause  are  relatively  rare.  During  the  year  ending 
June  30,  1906,  8  men  were  killed  and  34  injured,  among  over  4,000 
employed  in  the  mines,  and  most  of  these  accidents  were  due  to  other 
causes  than  gas.  Open  lamps  are  used  throughout  practically  all  the 
workings.  Since  most  of  the  entries  are  below  drainage  levels,  pump- 
ing is  almost  invariably  necessary.  In  most  of  the  mines  steam 
pumps  are  used,  but  some  of  the  small  mines  are  bailed  with  buckets. 

Mifiininm  limit  qfthwkness. — The  minimum  thickness  of  coal  mined 
for  shipniont  is  found  in  the  Ouita  basin,  where  the  bed  averages 
less  than  2 A  feet.  That  mined  at  Paris  is  between  2  and  2h  feet,  and 
the  coal  mined  for  local  supply  in  the  Philpott  basin  is  between  18 
and  20  inches  thick.  Special  agreements  are  made  with  the  miners 
in  working  these  thin  coals.  In  general  a  uniform  rate  per  ton 
applies  throughout  the  Arkansas  field  for  mining  all  coals  in  beds 
more  than  2  feet  10  inches  thick.  Mining  in  thinner  beds  is  con- 
sidered "  deficient  work,"  for  which  special  rates  are  made.  Under 
favorable  conditions  it  is  probable  tliat  beds  only  18  inches  thick  will 
ultimately  be  worked  at  a  profit. 

rHEPAKATlON    OF    TUK    COAL    FOR    MARKET. 

The  coal  is  sold  eit  her  in  the  form  it  comes  from  the  mines,  as  ^^  mine- 
run,''  which  includes  l)()tli  lump  and  slack,  or,  more  commonly,  is  prt^ 
pared  for  sale  by  passing  it  over  screens  which  separate  the  slack 
from  the  luni]).  In  general,  bar  screens  not  more  than  6  feet  wide 
and  10  feet  long,  with  IJ  inch  spaces  l)etween  the  bars,  are  used.  At 
sonic  of  the  mines  lumi)  coal  to  l)e  used  for  domestic  purposes  is 
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kets  within  the  coal  field.  The  slack  from  all  of  the  larger  mines  is 
marketed,  the  prices  being  usually  less  than  one-third  the  price  of 
lump  coal.  Slack  from  the  bituminous  coals  of  the  west  end  of  the 
field  is  sold  in  Kansas  City  and  St.  Louis,  where  it  is  used  for  pro- 
ducing steam  in  stationary  engines.  The  semianthracite  slack  from 
the  Spadra  field  is  used  in  lead  and  zinc  smelters  at  Joplin,  Mo.  One 
of  the  most  complete  plants  for  screening  and  sorting  coal  in  Arkansas 
is  shown  in  PI.  V. 

Within  the  last  two  years  the  Central  Coal  and  Coke  Company  has 
established  a  plant  near  Hackett  for  washing  slack  produced  at  their 
mines.  Many  of  the  impurities  are  thus  removed  from  the  slack, 
together  with  the  finer  coal  dust,  and  the  remainder,  about  80  per 
cent  of  the  original  quantity,  is  raised  in  value  almost  to  that  of  the 
lump  coal.  Washing  plants  have  not  yet  been  established  in  other 
parts  of  the  field,  though  it  is  probable  that  similar  results  can  be 
obtained  elsewhere. 

LABOR. 

Except  in  a  few  very  small  mines  all  of  the  labor  of  extracting  the 
coal  is  performed  under  contract  by  piecework  at  a  definite  rate  per 
ton.  The  operator,  therefore,  has  little  to  do  in  directing  the  miners 
except  to  decide  what  parts  of  the  land  shall  be  first  developed.  The 
rates  for  mining  coal  are  established  by  definite  agreements  between 
the  operators  and  the  labor  union.  There  are  practically  no.  miners 
in  the  field  except  union  men.  The  conditions  of  mining  as  affected 
by  the  labor  element,  therefore,  are  best  set  forth  by  the  contract 
between  the  operators  and  the  labor  union,  which  is  given  below. 

During  1904  and  1905  the  coal-mining  industry-  in  Arkansas  was 
not  interrupted  by  the  labor  strikes  which  prevailed  in  other  States, 
but  in  1906  all  of  the  principal  mines  were  shut  down  from  the  1st 
of  April  to  the  1st  of  July.  Only  a  few  small  mines  and  strip  pits 
worked  by  nonunion  miners  or  by  union  men  under  special  agree- 
ments continued  in  operation,  and  their  output  was  unimportant. 
For  two  months  preceding  the  strike  all  of  the  mines  were  unusually 
active,  the  coal  obtained  being  hoarded  in  anticipation  of  the  trouble. 
The  amoimt  of  coal  produced  during  these  months  was  limited  only 
by  the  capacity  of  the  mines  and  the  number  of  the  men  available. 

PORTION  OF  miners'  CONTRACT  FOR  DISTRICT  21,  U.   M.  W.  A." 
Pricks  for  Minin(j  int  Arkansas. 

All  coal  in  Arkansas,  at  the  option  of  the  operator,  to  be  mined  and  paid  for  on  a 
sliding  scale  in  proportion  to  the  percentage,  or  weight,  of  lump  coal  eontiiined  in  th(^ 
whole,  based  on  the  present  pricen  and  size  of  screens  where  sueli  are  esUblished. 

That  the  question  of  establishing  a  sc^aleof  prici's  for  mining  mine-run  coal  in  all  the* 
anthra(*ite  mines  of  Arkansas  he  referred  to  CommissiomT  Brown,  on  tin*  part  of  tin* 


•  Joint  Interstate  Agreement  and  Contracts  for  Districts  H.  21,  uml  i/i  of  Oixrators  an<l  Minors, 
adopted  at  Kanaas  City,  Mo.,  June  16, 190«>.  for  )>criod  ending  March  M,  ltK)H.  pp.  :^  rA. 
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nf  District  21 ,  (m  iho  purl  of  the  mlnen, 


cjpt'RtU>rt5.  tuid  District  President  HAtimty, 

Tho  price*  fur  mine-nui  cosil  por  Um  hUuII  bf  62  t'tiitw, 

VoT  scree tifd  coal^  per  ton,  90  cents. 

Tbc  of.»crafciirs  are  k*  have  the  optinn  ol  jHiytftj^  mi  a  Kcnjicncd^cofcil  or  mine-run  ba^k 
When  the  c(ml  is  mui«l  on  a  M^nH^ncd-ccjtil  bmsie,  thcecnnaia  n«i>ri  sliiill  be  not  more  than 
t>  f^H^  wide,  havi^  harwntit  more  than  10  feet  km^,  and  a  li-Lnf:h  Kpace  lietween  the  baia. 


For  hiind-plckeil  cowl,  Iroe  from  ttlttclt.  sliiU'.  Bulphur,  brniy*  and  blibck  jack,  tW 
priec  liihall  bo  as  follows: 

From  th<?  ImI  of  St  plend>er  tc»  the  l^t  of  M;irch < . - 1^**. i « .  • » . •  .^ .. |L ^ 

Fit>m  the  first  of  March  to  the  Slat  of  August <  *  * .  *  ^ ,  ,.^^  .-,,.>,.,,,  ^ ,« ^ .,, .    1*|1 

0PADAA. 

For  acTf^ened  coal  per  ton,  from  the  1st  of  September  to  the  l»t  of  Marf*h , f  1,  OS 

From  the  l«t  of  Mar^-h  t^  the  3Ii*t  of  Augrvisl. - ._ ,,,,..       .  Afi 

Forallctoal  under  3  feet  in  heightn  for  f^icli  3  inches  lesBof  coal,  thc^re  frhjUl  \m^ 
eente  per  ton  additional  to  al>ove  prices. 

The  price  for  narrow  work  shall  be  ait  follows: 

20  feet  sob  entries  or  air  courw^Ji* , per  yard. .  fl*  12 

1%  feet  gob  entries  or  air  eourscft .-,...»,..,*.,,. _ do*  ^ ^ .     L35 

16  feet  gob  entries  fir  air  coniftes . .^ do L  60 

12  feet  gob  entrit^  or  air  tx»nrwt«. - , .  .do. . . ,      L  73 

8  feet  eo  tri(  ^(^  nr  air  a  ^irseM ....,-,, > _ ,do. ...     2>  DO 

All  brushing,  Ifi  inehr^t*. , ._...,., do,  * . .     L  12 

And  all  ovvt  16  inf^het*,  7  cents  for  t^ch  iuch  extra. 

The  cGmfiiuiy  shall  have  the  right  Ui  do  all  bniMhing  by  shift  work  at  |2,5*j  per  day 
when  desired. 

All  cross-cuts  in  roomrf  shall  be per  yard . .  |L  12 

All  room  turning  shall  be do 1. 12 

KII88ELLVILLE. 

Ten  cents  per  ton  less  than  th(!  price  paid  at  Ouita. 

ENTRY    YARDAGE,  ETC. 

Entry,  yardage,  and  deficient  work  will  be  1903  rate.  The  same  rules  and  customs 
defining  deficient  work  in  district  21  shall  be  in  force  during  the  life  of  this  agreement. 

For  raining  hand-picked  or  forked  coal  free  from  slate,  slack,  and  other  impurities, 
$1.05  per  ton  shall  be  paid. 

Where  draw  slate  or  rock  comes  with  coal  the  following  prices  shall  be  adopted : 

For  all  over  1  inch  and  under  5  inches,  5  cents  per  ton  extra;  over  5  inches  and  less 
than  10  inches,  9  cents  per  ton  extra;  over  10  inches  and  less  than  15  inches,  14  cents 
per  ton  extra;  over  15  inches  and  less  than  20  inches,  19  cents  per  ton  extra. 

LOCAL   CONDITIONS. 

.  The  brushing  price  at  Bonanza,  Jenny  Lind,  Coal  Hill,  and  Denning  shall  be  11.40 
for  18  inches  of  brushing.  Where  the  company  requires  more  than  18  inches  to  be 
brushed,  they  agree  to  pay  8  cents  per  inch  for  each  additional  inch  over  the  18  inches. 

Draw  slate  in  air  courses  will  be  paid  as  follows: 
For  3  inches  or  over $0. 25 
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All  coal  in  Arkanfias  2  feet  10  inches  and  less  in  height  shall  be  considered  deficient 
work,  except  where  special  price  has  been  made. 

Scale  of  prices  to  be  paid  for  draw  slate  and  rock  at  Bache  &  Denman's  mines  at 
Burma  and  Montreal  No.  2: 

Over  4  inches  and  up  to  8  inches,  56  cents  per  yard;  over  8  inches  and  up  to  12 
inches,  84  cents  per  yard;  over  12  inches,  to  be  settled  locally.  Brushing  entries  to 
be  $1.41  per  yard. 

Where  bottom  is  taken  up  in  rooms  and  room  necks  it  shall  bo  paid  56  cents  per  yard. 
This  applies  to  Bache  &  Denman's  mines  at  Burma  only. 

All  break-throughs  in  Arkansas,  when  required  to  cut  through,  to  be  paid  at  the 
1903  rate. 

Brushing  bottom  in  entries,  at  Dallas  mine,  Burma,  Ark.;  width  of  brushing  to  be 
4  feet,  height  4  feet  6  inches  on  top  of  rail.  All  over  and  above  this  height  and  width 
to  be  paid  at  the  rate  of  7  cents  per  inch. 

Air  courses  and  rooms,  4  cents  per  inch  for  bottom  brushing,  width  or  roadway 
3  feet. 

Wh«Te  miners  at  Coal  Hill,  No.  18  Jenny  Lind,  and  Denning,  Ark.,  have  be(*n  push- 
ing curs  l)oth  ways  the  company  shall  assist  the  miner  one  way  when  necossiiry;  and 
all  miners  in  the  Indian  Territory  who  have  been  pushing  their  cars  botli  ways  shall 
receive*  for  all  coal  pushed  over  200  feet  5  cents  per  ton  extra.  The  conditions  that 
prevail  at  Lehigh  apply  to  all  mines  (m  the  Atoka  track  in  regard  to  lowering  cars 
down  to  the  switch. 

That  the  loading  rate  of  the  McCurtain  machine  scale  be  extended  over  those  mines 
in  Arkansas  which  now  carry  62  cents  per  ton  mine-run  tonnage  rate.  Where  punch- 
ing machines  are  installed,  in  Arkansas,  the  McCurtain  cutting  rate  to  be  adopted. 
UTiere  chain  machines  are  installed,  in  Arkansas,  the  rate  for  runners  and  helpers  shall 
be  established  by  the  commissioner  and  district  president,  and  in  case  of  their  failure 
to  agree,  the  matter  will  be  taken  up  in  the  manner  provided  for  other  controversies. 

Inside  day  wage  scale. 

Track  layers per  day . .  $2. 56 

Track  layers'  helpers do 2.  'Mi 

Trappers. do I.  13 

Bottom  cagers ^ do 2.  56 

Drivers do 2.56 

Trip  rid ers do 2 . 5(J 

Pushers do 2.  56 

Water  haulers  and  machine  haulers do 2.  56 

All  other  inside  day  labor do 2. 36 

Spragging,  coupling,  and  greasing,  when  done  by  boys do 1 .  75 

Shot  firers  under  normal  conditions do .S.  00 

The  fire  boss  shall  receive  $3.04  per  day  and  shall  l)e  subject  to  discharge  by  the 
management  of  the  mine  without  appeal;  if  competent,  shall  be  given  other  work. 

The  fire  runner  shall  receive  not  less  than  $2.56  wh(»re  such  is  employed. 

Electric  hoist  operators: 

For  boys o per  day. .  $2.00 

Electric  slope  engineers do 2.  56 

Motormen do 2. 56 

Pump  men  (inside) do 2.  56 

Head  machinist do 3. 10 

Machinists do 2.  75 

Day  wages  for  digging  coal do 2.  81 

Machine  runners do 3. 00 

Machine  helpers do 2.  75 

Shaft  sinkers do 3. 04 

«  "Boys"  meanfl  those  of  maximum  age  of  19  years. 
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(iuiside  da^  ii?afff.  *calf. 

Fim  blftcbamiths ,,.. ., ..,., .^ pc?r  day. .  f3.00 

Second  blackflraiths.  .,..,,.*.. ....,...,.,.._, do. . . .     2-  7& 

Bkcksmithft'  betpei« ^, , _ , dt>, ...     2. 36 

Carpenters  1 .,.,,., ,,..,., d<j, 2-43 

All  other  outside  flay  labor  fr , , _ .  _ da, . . ,     2.  Q2\ 

Scntefor  enginetrit. 

First  elase,  500  Un^  and  over ,,.,> , ..p^r  month,.  179.00 

Secund  class,  300  to  500  tons.,*-.. .,,,,. , ..,.do 73.00 

Third  claiw,  SOO  U>n3  or  Irtsa .  _ , , do 65,  00 

Tail  rtipe  liud  fil4ip€*  tmgitieens,  5.9  pi^r  cent  abjve  present  wag^£.  ,  - 
Tho  iiiiiiiniUTi*  rat**  tor  tail  rupe  and  J^lope  enginiiers  shall  be  f2,38  per  day,  or  562  per 
numUi;  prnvidt'd,  ftirther,  that  tli**  maximum  ratt^  for  tail  mpe  and  i?lope  engineem 
AiivW  h<*  ^'i.7<)  p^T  day  nr  $70  p<T  inuiitbj  twenty-six  daya  tJ>  c\jnstilute  a  month's 
work  unit  niiu*  h<*iirs  In  ('laitifitnt*^  a  day's  work.  AU  overtime  in  t?xop|ie  of  nine  hoiirti 
Ijj  hf*  piiid  fttr  at  ii  pfojHirt  ionati?  raU-  pi't  hour. 

Tilt*  iiiininir  pnrx'w  in.'^idi*  ami  fiuinid(*  day-wagL^  stule  (exrt*pt  engineers!  provided 
(fir  in  ihm  nmonri  b'  ha^f^d  ujKjn  nn  pight-Uour  work  day.  ^J 

Th*-n*  HhaSl  bt*  twii  |j«iy  days  a  tuoDth  and  tjuf  operators  «baH  ifisne  to  each  emplnyeo 
a  i^tatonicn^  of  Iu.h  a<'nmnt.  M^hich  tbf  employe  may  retain.  The  datcrs  of  pay  da\B 
hIuUI  liniirrtm^ci'd  li^rwecn  tfn*  rt-uHpoctivi^  f\mipaniea and  thHronipioyei.'^, 

Wbi^rt'  air  r'onrc*!'?^  an*  tJriv^'n  in  f  hute  nr  platform  work — that  ie.  where  tho  rual  if  in 
u  ijrrealer  pilrli  itian  2tJ^--the  work  aball  be  eomaidered  as  aij-couzw*  work  mid  slmU 
fji*  pait!  for  ill  ihf'  rt^giilar  dif'trict  prire»  provided  such  air  cmiRie  or  brake-thrrntgh  is 
out  or  sheared  before  being  shot. 

The  company  shall  put  in  all  batteries,  wing  boards,  and  platforms  in  all  chute  work 
in  district  No.  21. 

The  miners  shall  load  their  own  coal  in  pitching  veins  in  this  district  at  the  regular 
scale  price. 

No  person  employed  underground  shall  use  an  inferior  grade  of  lard  oil,  and  the  use 
of  any  other  except  lard  oil  is  prohibited.     Elope  riders  in  mine  slopes  are  excepted. 

The  taking  up  of  bottom  for  stub  switches  for  chute  rooms  will  be  done  by  the  miner 
and  payment  for  same  is  referred  to  local  union  and  mine  officials  for  adjustment.  In 
the  event  of  theur  failure  to  agree,  general  resolutions  to  govern. 

Where  coal  is  screened  before  being  weighed  it  shall  be  dumped  on  flat  sheets  and 
passed  over  the  screen  specified  in  the  Pittsbiirg  agreement,  and  there  shall  be  no 
obstruction  on  said  screen. 

When  an  employee  leaves  the  employment  of  a  company  he  shall  receive  all  money 
due  him  within  three  days  from  the  date  of  notice.  Settlement  must  be  asked  for 
between  the  hours  of  8  a.  m.  and  6  p.  m.  on  day  settlement  is  due. 

All  company  men  shall  receive  an  equal  share  of  all  work  when  competent  to  do 
such  work.  ^ 

The  gas  man  sliall  place  marks  at  \mX  inside  break-through,  showing  clearly  whether 
there  \^  any  sU\ndin^  gaw  in  working  place.  Should  there  be  etanding  gas.  he  ehaU 
place  gas  mark  at  r^xim  neck  in  addition  to  mark  at  insiide  break-thn^ygh;  but  should 
working  place  be  cleaJt  he  shall  place  morkR  ^j  indicating  thiHJ  wt  ccsftl  face.  No  miner 
s^ball  be  permitted  to  brush  out  gas. 


miners'  contract.  Ill 

ICineni  shall  have  the  right  to  send  out  their  dull  tools  on  top  of  loaded  cars  and 
the  company  shall  deliver  same  to  blacksmith  shop  for  sharpening,  and  no  man  be 
allowed  to  carry  tools  up  or  down  shaft.  In  slopes  the  company  shall  deliver  the 
same  to  parting  or  bottom.    The  company  shall  not  be  responsible  for  tools. 

Any  underground  employee  not  on  hand  to  go  down  to  work  at  the  hour  for  com- 
mencing work  shall  not  be  entitled  to  go  below  except  at  the  convenience  of  the 
company. 

When  an  employee  is  sick  or  injured  he  shall  be  given  a  cage  at  once.  When  a 
cage  load  of  men  come  to  the  bottom  of  the  shaft  who  have  been  prevented  from  work- 
ing by  reason  of  falls  or  other  things  over  which  they  have  no  control,  they  shall  be 
given  a  cage  at  once.  For  the  accommodation  of  individual  employees  less  than  a 
cage  load  who  have  been  prevented  from  working  as  above  cage  will  be  nm  mid- 
forenoon,  noon,  and  mid-afternoon  to  each  working  day:  Provided,  however,  That 
the  foregoing  shall  not  be  permitted  to  enable  men  to  leave  their  work  for  other  than 
the  reasons  stated  above. 

The  sinking  of  slopes  and  driving  narrow  work  through  faults  shall  be  left  to  local 
union  and  mine  management  for  adjustment. 

All  double-shift  places  to  be  paid  28  cents  per  yard  extra. 

All  wet  entries,  rooms,  slopes,  slope  air  courses,  and  all  other  work  connected  with 
the  slopes  shall  be  left  to  local  union  and  superintendent  or  manager  for  agreement 
of  price. 

Frozen  or  seamy  coal,  stuck  top  or  bottom,  shall  be  deficient  work,  and  shall  be 
paid  for  extra,  the  same  to  be  determined  by  mine  committee  and  pit  lx)ss.  If  they 
fail  to  agree  the  miner  shall  be  given  an  average  place  in  the  mine. 

There  shall  be  no  deduction  for  school  purposes  except  authorized  by  the  indi- 
viduals. 

For  the  health  and  safety  of  the  miners'  lives,  air  courses  shall  be  kept  up  with  the 
entries  as  near  as  possible,  and  crosscuts  shall  be  driven  every  40  feet ;  where  gas 
exists,  they  shall  be  driven  every  30  feet.  No  room  shall  be  turned  inside  the  last 
crosscut. 

Scale  price  for  blacksmithing  miners'  tools  and  machine  mine  tools. 

Three-fourths  of  1  per  cent  on  gross  earnings  for  blacksmithing  of  minors'  tools, 
and  three-eighths  of  1  per  cent  on  gross  earnings  for  machine  coal  loaders'  tools. 

All  sharpening  and  repairing  of  tools  shall  be  done  as  promptly  as  jx>s8ible. 

The  present  conditions  in  regard  to  double  and  single  work  shall* prevail. 

Any  employee  absenting  himself  from  work  two  days  and  not  reporting  for  work 
on  the  morning  of  the  third  day  shall  forfeit  his  right  to  his  working  place,  unless 
excused  by  mine  foreman,  but  shall  be  given  another  place  on  turn;  provided,  how- 
ever, this  shall  not  apply  in  case  of  sickness. 

WTiere  a  fall  occurs  in  any  working  place  the  company  shall  make  preparations  to 
clean  up  same  within  four  hours  from  time  of  notice;  failing  to  do  so  the  miner  or 
miners  affected  shall  clean  up  same,  company  paying  at  the  rate  of  $2.5(5  per  shift. 

Price  for  moving  all  draw  slate  and  rock  exceeding  2  inches  in  thickness,  2\ 
cents  per  inch  per  running  yard  for  each  5  feet  in  width,  and  all  over  and  above  (o 
be  paid  accordingly.     This  appli(»s  to  all  mines  except  where  t  here  is  a  special  contract. 

IMiere  rooms  are  driven  up  narrow  on  account  of  bad  top,  the  yardage  shall  he  same 
as  that  in  air  courses,  measurements  to  be  made  from  the  entry;  and  when  room  is 
widened  out  one-half  room  turning  shall  be  paid.  Where  Iwttom  is  taken  up  entry 
yardage  shall  be  paid.  This  do(»s  not  apply  in  rooms  that  have  been  widened  out, 
then  narrowed  up  and  renecked,  but  in  these  (^ses  the  prices  shall  be  the  1903  rate. 

When  a  car  leaves  working  place  it  is  in  charge  of  the  company  and  average  wcdght 
shall  be  paid  for  broken  cars.  Such  cars  shall  be  reported  by  the  man  that  dumps 
the  coal.     The  company  shall  keep  all  cars  in  good  repair. 

All  coal  4  feet  and  over  where  it  comes  down  to  under  a  thickness  of  3  feet  4  inch<»s 
shall  be  declared  deficient  work.    This  applies  to  Arkansas  and  the  Indian  Territory. 
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Where  cars  are  delivered  at  working  face  all  timber  and  rails  shall  be  delivered  there . 
Where  powder  is  taken  into  the  mine  in  kegs  it  shall  be  delivered  to  the  working 
place;  otherwise  it  shall  be  handled  according  to  the  methods  in  vogue  at  the  various 
mines.  ^ 

When  any  employee  shall  be  requested  to  fill  the  place  of  another  employee,  as 
specified  herein,  he  shall  receive  the  wages  of  the  employee  whose  place  he  takes, 
plus  28  cents;  provided  further,  that  it  is  not  compulsory  on  any  man  who  may  not 
wish  to  take  such  place. 

All  questions  that  have  been  left  to  the  president  of  the  United  Mine  Workers  of 
America,  District  21,  and  commissioner  of  the  Operators'  Association,  or  to  arbitra- 
tion shall  become  a  part  of  this  contract  and  be  binding  upon  both  parties  when 
the  same  have  both  been  decided  and  agreed  uix)n  by  the  said  president  and  com- 
missioner, or  by  arbitration;  and  the  operators  shall  furnish  the  district  secretary  of 
the  United  Mine  Workers  of  America  and  also  post  at  the  mines  the  prices  to  be  paid 
on  and  after  June  16,  1906,  based  hereon. 
Color  shall  be  no  bar  to  employment. 
In  behalf  of  the  Southwestern  Interstate  Coal  Operators'  Association. 

W.  C.  Perry, 

Presuienf. 
S.  J.  Tonkin, 

Sfcrfiary. 
In  behalf  of  the  miners. 

Pete  Hanraty, 
President  Dufrici  No.  21. 

S.  F.  Brackney, 
Secretary  District  No.  21. 

MINES,  OPENINGS,  AND  EXPOSURES  OF  COAL. 

The  following  table  presents  in  condensed  form  data  of  interest  in 
regard  to  the  mines,  openings,  and  exposures  of  coal  in  the  Arkansas 
field. 
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Coal-bearing  "rocks,  occurrence  and  charac- 
ter of 12-13 

section  of 13 
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mines  and  openings  on 112-149 
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sections  of 113-149 
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boiler  tests  of 103 

description  of 93-94 
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structure  of 66 
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map  of 67 
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geology  at 78 
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correlation  of 24 

fossils  of 24. 27 
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Coaldale,  coal  near 63 
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section  at,  figure  showing 14 
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Denning,  coal  near 83 
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description  of 90 
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Jenny  Lind,  sections  at  and  near,  figures 

showing 14. 16, 52, 53 

Jenny  Lind  coal.    See  Arkansas  coal  No.  3. 
Jenny    Lind    district.    See    Bonanza    and 

Jenny  Lind  district. 
Joints,  description  of 47-48 

K. 
Kansas  coals,  boiler  tests  of 103 

L. 

Labor,  conditions  governing 107-112 

Lamar,  building  stone  at 20 

coal  at 

sections  of,  figures  showing 20, 71 

section  at,  figure  showing 20 

See  aUo  Cabin  Creek. 
Leda  belli  striata,  occurrence  of 34 

nasuta,  occurrence  of 32,33 

sp.,  occurrence  of 32, 33 

Lepidocystis  vesicularis,  occurrence  of 27 

Lepidodendron   oblongifolium,    occurrence 

of 29 

sp.,  occurrence  of 29 

Lepidophloios  scoticus,  occurrence  of 26 

Lepidophyllum     lanceolatum,     occurrence 

of 27,28 

missouriense,  occurrence  of 26 

ovatifolium,  occurrence  of 27 

Lepidostrobus  sp.,  occurrence  of 28 

Lima  retifera,  occurrence  of 33,34 

LinguUdiscina  convera,  occurrence  of 34 

Linopteris  miinsteri,  occurrence  of 27,28, 31 

squarrosa,  occurrence  of 25. 27 

Little  Pincy  Creek,  fossils  from 32 

Little  Short  Mountain,  geology  at 21 

Little  Vache  Grasse  Creek,  coal  at 79 

Location,  description  of 4 

London  basin,  coal  in 74 

description  of 40 

Long  Prairie,  coal  at 52 

section  at,  figure  showing 52 

Lophophyllum  profundum.  occurrence  of  32, 33, 34 
Loxonema  sp. ,  occurrence  of 33 

M. 

lIcAlester  coal,  recurrence  of 11 

McAlester  group,  coals  in 11 

correlation  of 12 

occurrence  and  character  of 11,13 

Macrodon  obsoletus,  occurrence  of 32, 33 

Magazine  Mountain,  coal  at  and  noar 7(),  81 

geology  at 20. 21 

Mansfield,  gas  near 15 

geology  at 14 

Map  of  Arkansas  coal  field 5, 0 

of  Arkansas  coal  field,  description  of 5-7 

of  Hartshome  coal 51 

Map.  structure,  of  Arkansas  coal  field 36 

Map  and   sections,  geologic,  of  Arkansas 

field Pocket. 

Marginifera  ingrata,  occurrence  of 33. 34 

muricata,  occurrence  of 32. 33 

sp.,  occurrence  of 33 

Mariopteris  iocompleta,  occurrence  of  26,29,30,31 
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Mariopteris  latifolia,  occurrence  of 25 

muricata,  o^cu^rpnce  of 28 

nervosa,  occurronce  of 25,26,29,30 

occidentalis,  occurrence  of 25, 26, 29, 30, 31 

sphenopteroides,  occurrence  of  . . .  27, 29, 30, 31 

sp.,  occurrence  of 27,31 

Market,  preparation  of  coal  for 106 

Mason  coal,  correlation  of 72 

Massard  fault,  description  of 46 

Massard  Prairie,  coal  at 52, 55 

coal  at,  description  of 94 

section  at,  figure  showing 62 

geolog>'  at. 16, 52 

sections  at  and  near,  figures  showing 14, 52 

Massard  Prairie  anticline,  description  of 38 

gas  in 38 

Mesler,  R.  D.,  sampling  by 93-94 

work  of 1-2 

Michclinia  sp. ,  occurrence  of 33 

Midland,  coal  near 57, 61 

coal  near,  analyses  of 96 

calorific  value  of,  figure  showing 87 

composition  of,  figure  showing 85 

description  of 90 

sections  of,  figure  showing 60 

Mill  Creek  fault,  description  of 45-46 

Mill  Creek  Ridge  anticline,  coal  on 64 

description  of 38 

Mines,  abandonment  of.  owing  to  faulting. .        41 

list  of 113-149 

Mhiing,  conditions  of 103-112 

methods  of 105-106 

Minnow  Creek,  coal  on 76 

Mississippian  rocks,  occurrence  and  charac- 
ter of 11 

Missouri  coals,  boiler  tests  of 103 

Modiola  sul>elliptica,  occurrence  of 33 

Monilipora  sp.,  occurrence  of 33 

Montana,  coal  near 71 

Montreal,  coal  near 17, 56, 57, 60 

coal  near,  analysis  of 97 

calorific  value  of,  figure  showing 87 

composition  of.  figure  showing 85 

description  of 91 

sections  of,  figure  showmg 60 

geology  near 57 

Montreal  R>Ticline,  description  of 38 

Moores  Rock,  coal  at 79 

Mounds,  natural,  occurrence  and  explana- 
tion of 23 

Mnn)erry,  coal  near 65 

Mulberry  fault 4<i-47 

Mulberry  Mountain,  coal  at 80 

Murehisonia  sp.,  occurrence  of 32 

Myalina  aviculoides,  occurrence  of 34 

perattenuata,  occurrence  of 34 

pernif ormis,  occurrence  of 32, 34 

N. 

Naticopsis  nana,  occurrence  of 32 

sp.,  occurrence  of 32 

Nautilus  sp.,  occurrence  of 32, 33, 34 

Nebo  Mountain,  coal  near 82 

geology  at 7r»-77 

Neuropteris  capita ta,  occurrence  of 25, 26, 27 

elarksoni,  occurrence  of 29,30 
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GEOLOGIC  RECONNAISSANCE  IN  THE  MATANUSKA 
AND  TALKEETNA  BASINS,  ALASKA. 


By  Sidney  Paige  and  Adolph  Knopf. 


INTRODUCTION. 

The  following  report  treats  of  the  general  geography,  geology,  and 
mineral  resources  of  an  approximately  quadrangular  area  lying  imme- 
diately northeast  of  the  head  of  Cook  Inlet.  The  region  includes 
principally  the  Talkeetna  Mountains  and  the  Matanuska  Valfey, 
which  separates  these  mountains  from  tlie  Chugach  Range  on  the 
south  (PL  I,  pocket).  The  data  for  this  report  were  gathered  by 
the  writers  while  they  were  attached  to  topographic  parties  engaged 
in  mapping  this  region  during  the  summer  of  1906.  The  territory 
represented  by  the  accompanying  map  embraces  about  7,000  square 
miles.  Necessarily  much  of  the  geology  of  so  large  an  area  must  be 
generalized  from  the  observations  actually  gathered  along  the  line 
of  travel. 

The  principal  resource  of  the  region  thus  far  developed  is  coal. 
As  a  portion  of  this  coal  is  of  high  grade,  comparing  favorably  with 
Pennsylvania  bituminous  coal,  and,  as  anthracite  of  good  quality  also 
occurs  in  the  region,  the  investigation  of  1906  was  directed  to  deter- 
mining the  boundaries  of  the  various  coal  fields  and  to  differentiating 
the  ages  of  the  various  coal  horizons.  Attention  was  also  paid  to  such 
metalliferous  deposits  as  were  encountered.  A  summary  of  the  re- 
sults has  already  been  published  in  the  progress  report «  for  1906. 

The  region  considered  was  explored  by  the  army  expeditions  of 
1898.     Portions  of  it  have   been   investigated   by  members   of  the 
United  States  Geological  Survey :  Mendenhall  ^  explored  Matanuska. 
Valley  in  1898;  Eldridge^  explored  Susitna  Valley  in  the  same  year; 

•Paige,  S.,  and  Knopf,  A.,  Reconnalssanoe  in  the  Matanuska  and  Talkeetna  basins,  with 
notes  on  the  placers  of  the  adjacent  region  :  Bull  T^  S.  (ieol.  Survey  No.  :U4,  lOOT.  pp. 
104-125. 

*  Mendenhall,  W.  C,  A  reconnalHsance  from  Resurrection  Bay  to  Tanana  River,  Alaska, 
In  1898:  Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  7.  1J)(K),  pp.  205-;?40. 

'Eldrldge,  G.  H.,  A  reconnaissance  in  the  Susitna  basin  and  adjacent  territory,  Alaska, 
in  1898 :   Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  7,  1900,  pp.  7-29. 
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and  Martin*'  made  a  reconnaissance  of  the  Matanuska  coal  field  in 
ll>Of>.  In  the  pmparatiun  of  the  following  report,  the  work  of  these 
earlier  investigators  has  been  drawn  on,  especially  that  of  Martin, 
who  examinerl  the  coal  rojiources  of  the  lower  Matanuska  basin. 

Tile  field  work  of  the  season  of  lOOfi  was  in  charge  of  T.  G.  Gerdine, 
topographer,  as  chief  of  party.  Landing  was  made  at  Knik,  the  head 
of  steam  navigation  on  Knik  Arm  of  Cook  Inlet,  on  May  2J>.  Work 
was  begim  there  on  June  1.  During  June  the  region  on  the  sonth 
side  of  Knik  Arm  was  mapped;  T.  G.  Gerdine,  accompanied  by 
Adolph  Knopf  as  geologist,  ai^cended  Knik  River  to  Knik  Glacier, 
and  R,  IL  Sargent,  assistant  topographer,  accompanied  by  Sidney 
Paige  as  geologist,  covered  the  territory  south  of  old  Knik.  At 
the  end  of  »Tnnc  Mr.  Gerdine,  w^ith  Mr.  Knopf  as  geologist  and  a 
total  party  of  *>  men  and  8  horses,  started  for  the  interior  by  way  of 
Matanu^ka  Valley,  Hicks  Creek,  Divide  Creek,  Caribou  Creek,  Billy 
Creek,  and  Nelcliina  River,  The  party  returned  tcj  Knik  by  skirting 
along  the  western  edge  of  Copper  River  basin  and  traveling  down 
Mataniisku  Valley,  arriving  at  Knik  August  31.  Xo  great  difficulties 
were  encountered,  although  topographic  work  was  often  seriously 
hampered  by  rain. 

In  the  nieantime  R,  H.  Sargent,  with  Sidney  Paige  as  getiloglst 
and  a  total  party  of  0  men  and  8  horses,  made  the  circuit  through  the 
interior  of  the  Talkeetna  Mountains,  by  way  of  Chickaloon  Creek  and 
Talkeetna  River,  and  returned  to  Knik  along  the  western  flank  of 
these  mountains.  Some  trouble  was  encountered  in  fording  the 
numerous  streams,  which  were  swollen  from  continuous  heavy  rains. 
During  the  later  part  of  September  the  topographers  ran  a  traverse 
of  the  eastern  shore  of  Cook  Inlet  from  Point  Possession  to  the  mouth 
of  Kasilof  River.  Tustumena  Lake  and  Kasilof  River  w^ere  also 
traversed  by  Mr.  Gerdine.  Work  was  closed  at  Seldovia  on  Septem- 
ber 27.  The  geologists  of  the  party  had  meanwhile  started  overland 
to  Seward  on  Resurrection  Bay.  They  visited  the  placer  districts  of 
the  Turnagain  Arm  region  en  route  and  arrived  at  Seward  Sep- 
tember 27. 

GEOGRAPHY. 

The  Talkeetna  Mountains  occupy  the  larger  part  of  the  region 
dealt  with  in  this  report  (PI.  I,  pocket).  They  form  an  approxi- 
mately circular  mountain  mass,  bounded  on  the  west  and  north  by 
the  wide  valley  of  Susitna  River,  on  the  east  by  the  Copper  River 
basin,  and  on  the  south  by  Matanuska  Valley.  In  general  the  Tal- 
keetna Mountains  merge  gradually  into  the  surrounding  lowdands, 
except  on  the  south,  where  they  rise  abruptly  from  the  deep  depres- 
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sion  of  Matanuska  Valley.  The  interior  of  this  mountain  mass  is 
an  exceedingly  rugged  area,  and  access  to  it  is  possible  only  along 
the  larger  stream  systems.  Few  of  the  peaks  exceed  5,000  to  6,000 
feet  in  altitude,  but  in  the  central  portion  some  of  the  highest  points 
reach  altitudes  of  8,000  to  9,000  feet. 

The  drainage  of  the  Talkeetna  area  is  rudely  radial.  The  larger 
l)ortion  of  it  is  tributary  to  Susitna  River.  In  the  southeastern  por- 
tion of  the  area  the  headwaters  of  Susitna,  Copper,  and  Matanuska 
rivers  form  a  closely  interlocking  network  of  streams. 

The  Susitna  is  the  largest  river  of  the  region.  This  great  stream, 
which  has  a  width  of  2  miles  near  its  mouth,  rises  in  the  northwestern 
part  of  the  Copper  River  basin,  and,  after  flowing  westward  around 
the  northern  flank  of  the  Talkeetna  Mountains,  turns  southward  and 
empties  into  the  northern  end  of  Cook  Inlet.  The  most  important 
eastern  tributary  of  the  Susitna  in  the  region  under  discussion  is 
Talkeetna  River,  which  heads  at  an  ahitude  of  about  5,000  feet  in 
the  heart  of  the  Talkeetna  Mountains.  It  flows  northwestward  for 
about  half  its  length,  then  turns  abruptly  to  the  southwest  and  con- 
tinues to  Susitna  River,  which  it  enters  about  85  miles  above  its 
mouth.  The  Talkeetna  is  about  75  miles  long.  Near  its  mouth  it 
is  a  swift  stream,  300  or  400  feet  wide.  During  high  water  it  can 
be  crossed  with  a  pack  train  only  by  swimming  the  horses  and  rafting 
the  outfit.  Sheep  Creek  is  a  tributary  of  Talkeetna  River  14  miles 
above  its  mouth.  It  flows  more  slowly  than  the  river  and  is,  because 
of  its  depth,  difficult  to  cross,  so  that  rafting  is  necessary. 

A  considerable  number  of  large  streams,  which,  however,  arc 
smaller  than  the  Talkeetna,  drain  the  western  flank  of  tlie  Talkeetna 
Mountains  and  empty  into  Susitna  River.  They  are,  in  order  from 
north  to  south.  Sunshine  Creek,  Montana  Creek,  Kashwitna  River, 
Little  Willow  Creek,  and  Willow  Creek.  Little  Susitna  River, 
which  is  the  next  stream  south  of  Willow  Creek,  belongs  to  the  drain- 
age basin  of  Matanuska  River,  but  empties  directly  into  Cook  Inlet. 

East  of  the  Talkeetna  Mountains  lies  the  broad  expanse  of  the 
Copper  River  basin,  extending  to  the  Wrangell  Mountains  on  the  east 
and  bounded  by  the  Alaska  Range  on  the  north  and  the  Chugach 
Mountains  on  the  south.  The  surface  relief  of  this  area  is  slight  and 
is  produced  mainly  by  long,  low  gravel  ridges.  Innumerable  ponds 
and  lakes  are  the  most  striking  features  of  the  landscape.  The  south- 
western portion  of  the  basin  is  drained  by  Matanuska  River,  which, 
with  its  headwater  tributaries,  has  cut  gorges  300  to  400  feet  deep  in 
the  underlying  gravel  deposits. 

Matanuska  Valley,  which  lies  between  the  Talkeetna  and  Chugach 
moimtains,  opens  out  at  its  head  and  merges  into  the  flats  of  the  Cop- 
per River  basin.    In  its  upper  course  it  is  about  1  mile  wide,  but 
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it  gradually  widena  downstrouui  to  5  to  10  miles,  and  l>elow  Tsadaka 
Crei'k  flan^.s  out  to  a  width  of  20  miles.  In  minor  details  the  floor  of 
tilt*  viiUoy  is  decidtnlly  irregular  in  relief,  consisting  of  a  succesyioii  of 
nndulating  low  ridges  and  knolls  with  interspersed  kettles.  ^ 

MfUannska  River,  the  second  largest  j^tream  of  the  region,  drains^ 
into  the  eastern  end  of  Knik  Ann,  instead  of  into  Cook  Inlet  proper. 
It  heads  dii-eetly  against  Taxlina  River,  of  the  Copper  River  drained 
ago,  from  which  it  is  separated  by  a  low,  almost  imjx^rceptible  divide, 
luiving  an  altitude  of  3,0l}0  feet.  The  general  course  of  the  Mata- 
nuska  is  S.  TO"*  W,,  and  its  length  is  about  100  miles.  The  river  flows 
in  a  trough  or  valley  sunk  into  the  fltior  of  the  liroader  valley  previ- 
ously des4Til>ed.  The  newer  valley  is  a  nole  or  two  wide  along  the 
lower  stretches  of  the  stream,  but  in  places  closes  to  a  narrow  box 
canyon  J^OO  or  400  feet  deep.  The  Mataniislca  is  a  swiftly  flowing, 
silt-laden  stream,  with  a  current  reaching  probably  7  miles  an  hour. 
The  volume  of  water  varies  with  the  season  and  is  highest  in  June 
The  average  width  of  the  river  is  about  400  feet- 
Caribou,  Hicks,  Chiekalnon,  Kings,  (iranite,  Eska,  and  Tsadaka^ 
creeks  are  the  principal  streams  entering  Matanuska  River  from  the 
north.  Caribou  Creek,  the  largest  of  these  streams,  drains  a  con- 
siderable area  in  the  Talkeetna  Mountains.  Chickaloon  Ci'eek  has  a 
length  of  about  BO  miles,  A  pass  at  its  head,  over  which  a  pack  train 
can  easily  bo  taken,  connects  its  valley  with  that  of  the  Talkeetna* 
Thi*  two  valleys  thus  forn)  a  highway  thnnigli  tlie  heart  of  I  lie  Tal- 
keetna  Mountains.  A  large  number  of  streams  enter  the  Matanuska 
from  the  south,  draining  the  north  flank  of  the  Chugach  Mountains^ 
but  none  attain  large  size. 

Near  the  head  of  Knik  Arm^  uniting  irregularly  with  the  various 
tidal  sloughs,  the  Matanuska  is  joined  by  Knik  River  from  the  south- 
east. Knik  River  heads  in  Knik  Glacier,  and  its  length  is  only 
about  25  miles.  Several  small  tributaries  enter  the  Knik  from  both 
sides,  the  largest  and  most  important  of  which  is  Metal  Creek,  empty- 
ing into  the  river  from  the  east  near  the  front  of  the  glacier.  Knik 
Valley  is  3  to  4  miles  wide,  perfectly  flat,  and  covered  with  gravel, 
through  w^hich  protrude  occasional  hummocks  of  bed  rock.  Its 
course  is  remarkably  straight  throughout  its  entire  length  and  it  is 
walled  in  by  mountains  which  rise  steeply  from  the  valley  floor. 
Knik  River  possesses  no  single  well-defined  channel,  but  spreads  out 
over  its  gravel  plain  in  a  number  of  branches,  whose  positions  are 
likely  to  vary  from  year  to  year.  Boats  can  be  towed  up  the  river 
by  band,  although  with  some  difficulty  on  account  of  bars  and  quick- 
sands, to  within  5  miles  of  the  glacier. 

The  rugged  group  of  mountains  lying  on  the  south  side  of  Matji 
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high  and  present  a  very  inaccessible  and  forbidding  aspect.  The 
Chiigach  Mountains  have  a  general  northwesterly  trend  from  Mount 
St.  Elias,  and  constitute  the  high  barrier  between  the  Pacific  coastal 
belt  and  the  interior.  At  the  head  of  Knik  Arm  they  swing  south- 
ward and  continue,  though  with  diminished  altitudes,  into  Kenai 
Peninsula  and  Kodiak  Island. 

GEOTiOGY.« 

OUTLINE. 

The  rocks  of  the  area  investigated  range  in  character  from  crys- 
talline schists  of  probable  pre-Silurian  age  to  unconsolidated  Quater- 
nary stream  and  glacial  gravels.  A  great  central  area  of  various 
granitic  rocks,  of  middle  Mesozoic  age,  makes  up  the  mass  of  the 
Talkeetna  Mountains.  (See  PI.  II,  pocket.)  On  its  southern  flank 
this  granite  core  is  in  part  bounded  by  a  narrow  l)elt  of  albite  and 
garnetiferous  mica  schists,  which  is  in  turn,  on  its  southern  border, 
bounded  by  a  narrow  band  of  granite  similar  in  type  to  the  central 
mass. 

On  its  northwestern  margin  it  is  bordered  by  a  series  of  slates  and 
gravwacke-slates.  The  latter  series  shows  some  similarity  to  the 
great  series  of  graywackes  and  slates  which  occur  on  the  south  side  of 
Knik  Arm  and  strike  into  the  Chugach  Mountains. 

East  of  Chickaloon  Creek  marine  Jurassic  strata  attain  an  exten- 
sive development.  They  are  divided  into  two  unconformable  series. 
The  lower  series  is  characterized  by  a  volume  of  andesitic  breccias, 
agglomerates,  and  amygdaloids  of  greenstone  habit,  exceeding  1,000 
feet  in  thickness.  These  volcanics  are  conformably  overlain  by 
^^veral  thousand  feet  of  sandstones,  shales,  and  conglomerates.  The 
younger  unconformable  series  of  Jurassic  rocks  consists  of  shakes, 
sandstones,  and  conglomerates;  with  some  interstratified  tufl'  and 
arkose.  The  age  indicated  ranges  from  the  lat(»  Middle  Jurassic 
through  the  Upper  Jurassic.  Conformably  overlying  these  strata  is 
a  Lower  Cretaceous  limestone,  800  feet  thick. 

Upper  Eocene  rocks  are  represented  by  the  Kenai  formation,  a 
series  of  folded  sandstones,  shales,  arkoses,  and  conglomerate's,  carry- 
ing thick  beds  of  bituminous  coal.  These  coal  beds  are  limited  to  the 
lower  basin  of  Matanuska  River. 

A  series  of  post-Eocene  basaltic  lavas  and  associated  ])yroclastics 
overHe  the  older  rocks  unconformably.  Tliey  attain  a  thickness  of 
1,000  feet,  and  form  the  summit  topography  of  much  of  the  area. 

An  extensive  sheet  of  glacial  gravels  is  the  most  recent  deposit  of 
the  region. 

•For  an  abstract  of  this  paper  see  Bull.  Cieol.  Soc.  America,  v<>l.  is,  pp  :J2.">-3:VJ. 
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Oe<ilQgic  column  of  the  Talkeetna  and  MatnnHska  hasini^. 


Age, 


Fodt-Eucflae  ............ , _ 

Upper  Eocene:  ICeniU  fornifttlnn . 

t  itiJOi^omiiiif. 
Lower  CrutiicettUR  .......... ,,,,,, 

1Tp[ier  Jumflnic   anti   Vppc^r   Mtddle 
Jumsalo. 

Lower  Ml(14lf  Jiimasff 

iiiuarise  *'nuii1tia"7...^..,„,* 

8iii]tii»it«i«r.... ...»>.... 


Blr^m  A&d  glACiftl  gt)IV4?lB  ..... - 

BAaaJlUc  lnviUB^  l»rt?*'cift>:,  arjcJ  luHs 

LituHttoiH* . „ _.„,....,., . . 

Shalej!,    saridBtonee,    ucinglom&rnt*^,    tiiff^    find  | 
arkoee»  wUbcuoiiK 


Shales,  i?RDd?*l*:mo^  ftiid  poni^lfimemtt.'vrith  c<mL, 
A[|de9*it1n  K?eeiit(torie,  t\i([#,  iLKglmDeratt^^,  and 
brct^iae;  rhyolite«,  dac-lu^  mid  tu^A. 


MetaniDTphie  ruekfi ^ 

tuffg,  and  rhyollt^M  and  tnffi»  in  Knllt  River 


ecbiRtJi  with  inlni^iJvt^  ^miiite,  in  lower  Tal- 
ke^dtna  re^iiiu. 
Garnet  if eruua   mleu  iiohUt^  anil  a  1  bite   ^oi^Ite 
itchistts. 


MICA  SCHISTS. 

A  series  of  mica  schists  forms  a  narrow  belt,  not  over  3  miles  wide, 
near  the  head  of  Willow  Creek.  This  belt  has  an  east-and-west  direc- 
tion, and  is  known  to  extend  not  farther  east  than  Tsadaka  Creek 
and  to  disappear  westw^ard  beneath  the  gravel  floor  of  Susitna 
Valley. 

The  schists  are  thoroughly  foliated  rocks  of  medium  grain,  and 
show^  in  general  no  variations  in  appearance.  Under  the  microscope 
they  are  found  to  comprise  garnetiferous  mica  schists  and  chlorite- 
albite  schists.  The  garnetiferous  mica  schist  is  composed  largely  of 
quartz,  wdiich  shows  powerful  strain  shadows,  muscovite  in  long 
laths,  chloritized  biotite,  orthoclase,  and  garnet  altered  almost  com- 
pletely to  chlorite.  In  the  albite  schist  soda  feldspar  is  the  dominant 
constituent.  The  albite  poikilitically  incloses  various  other  con- 
stituents, chief  among  w^hich  is  clinozoisite  in  long,  stout  prisms, 
usually  oriented  parallel  to  the  schistosity.  In  addition  to  the  albite 
abundant  quartz,  crushed  and  showing  strain  shadows,  is  present  in 
considerable  amount,  with  some  chlorite  and  clouds  of  magnetite 
dust.    Muscovite  is  but  an  accidental  constituent,  and  is  only  found 
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amined  microscopically,  shows  large  albites  in  the  form  of  aiigen, 
quartz  badly  crushed  and  strained,  muscovite  of  a  sericitic  nature, 
and  chlorite,  and  is  evidently  a  schist  affected  by  a  second  period  of 
dynamic  activity.     ' 

Some  serpentine  and  pyroxenite  are  included  in  the  mica-schist 
series.  The  pyroxenite  presents  a  pseudoporphyritic  aspect  under  the 
microscope,  due  to  crushed  plates  of  monoclinic  pyroxene  lying  em- 
bedded in  a  groundmass  of  serpentine.  The  pyroxene  is  noteworthy 
on  account  of  the  fine  multiple  twinning  parallel  to  the  orthopinacoid 
and  of  the  slicing  which  has  taken  place  along  that  plane.  The 
shearing  of  the  pyroxenite  is  probably  to  be  correlated  with  the  move- 
ment which  crushed  the  schists. 

The  strike  of  the  schistosity  varies  from  N.  45°  E.  to  N.  00°  W. 
The  dips  average  near  40°,  but  are  inclined  on  both  sides  of  the 
vertical.  Fossils  have  not  been  obtained  from  this  formation,  nor  is 
their  occurrence  in  it  likely.  On  account  of  its  thoroughly  meta- 
morphic  character,  which  considerably  exceeds  that  of  any  of  the 
terranes  presently  to  be  described,  this  formation  is  regarded  as  repre- 
senting the  oldest  rocks  of  the  region.  Its  members  show  a  petro- 
graphic  similarity  to  the  mica  schists  of  the  Yukon-Tanana  region, 
and  a  possible  correlation  with  the  pre-Silurian  of  that  district  is 
suggested. 

UNDIFFERENTIATED    METAMORPHICS. 

Metamorphic  rocks,  which,  because  of  lack  of  fossil  and  other 
stratigraphic  criteria,  can  not  be  placed  definitely  in  the  stratigraphic 
column,  occur  in  the  lower  portion  of  Talkeetna  Valley — in  the  ex- 
treme northwestern  part  of  the  region  traversed — and  in  the  Knik 
River  region — in  the  southern  portion. 

SLATES    AND   SCHISTS   OF  THE    LOWER   TALKEETNA    VALLEY. 

A  series  of  metamorphic  rocks  outcropping  along  the  upper  course 
of  Susitna  River  and  the  headwaters  of  the  Cantwell  was  named  the 
Susitna  slate  by  Eldridge,  who  describes  the  beds  as — 

♦  ♦  *  essentially  quartzitic,  varying  in  coarseness  of  material  from  an  ex- 
tremely fine  homogeneous  rock  to  one  of  granular  structure.  In  addition  to 
quartz  there  are  occasional  orthoclase,  plagioclase,  biotite,  muscovito,  scattered 
grains  of  iron  oxide,  and  minute  fragments  of  slate,  app«^i*<3ntly  of  tlu»  same 
nature  as  the  fine-grained  slates  of  the  series  itself.  The  entire  series  has  been 
extensively  sheared  and  the  sand  grains  crushed,  so  as  to  i)roduce  tlu^  partial 
schistose  or  slaty  structure  that  so  generally  i)revails.  Whitman  Cross,  of  the 
Survey,  who  examined  the  rock  microscopically,  found  no  grains  referai)le  to 
igneous  rocks,  in  spite  of  the  impression  from  megascopical  examination  that 
the  rocks  were  sheared  eruptives. 
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A  feahir^  of  tilt*  fannation  in  lof.nUitie>;  where  pTt'fit  erumplliiK  of  the  strata 
liiiK  taken  pliice  1i^  tlie  iireneBce  of  larj^e  fiiitirtz  sertiiisi^  lifilf  au  lueb  to  2  feet 
thidi,  ret Jrdhi  ting  t!ie  P5:t>'>s^<l  surfnoe  of  tlje  series  w\t\x  t^iiwidpralile  iiitricacT- 
BueJi  Siieiiiiift  often  sUnw  miucraJ Ignition  with  sniplikle  of  iron." 

The  work  of  th6  season  of  1906  showed  that  a  series  of  rocks  similar 
to  the  Sufiitiia  slate  and  5?ichist  has  a  considerable  area!  distribution 
along  the  lower  course  of  Talkeetiia  River.  In  that  region  they 
Nlunv  somewhat  greater  iK^trographic  diversity  than  where  studied  by 
Rid  ridge.  With  the  slates  are  aa^ciated  varioufi  microcrystallixie 
schists;  that  is,  schists  that  are  ^  fine-grained  that  their  constituents 
are  not  i^^cognizable  by  the  unaided  eye.  Some  art*  tif  aphanilic 
texture  and  display  only  a  feeble  schistasity;  Examined  microscop- 
ically, they  prove  to  be  composed  larg^^ly  of  light-gi^eon  hornblende  in 
slender  prismatic  development,  Quadis,  chK>ritc,  epidotc,  and  biotite 
are  the  remaining  constituents.  Other  schists,  whose^  foliation  is  more 
apparent  to  tiie  eye,  consist  of  fine-grained  aggi-egates  of  quartz  and 
biotite,  Avith  much  included  carbonaceous  materiah  In  general  the 
metamorphism  of  tlicise  scliists  has  proceeded  far  enough  tti  o illiterate 
the  evidence  of  their  original  clastic  origin.  In  the  lower  Talkeetna 
River  region  they  ure  aswouiated  with  batholithic  masses  of  granitic 
rock  and  locally  are  intimately  intruded  by  apoph>*ses  of  such 
masses.  Much  of  their  metamorphism  may  be  imputed  to  this 
relation.  The  Susitna  rocks  have  yielded  no  fot^^ils  nor  are  their 
stratigraphic  relations  known,  so  that  their  age  must  remain  con* 
jectural.  The  unmotainurphuscd  character  of  the  Jurassic  sliales  and 
sandstones  of  the  Talkeetna  Mountains  indicates  that  the  Susitna 
rocks  are  probably  pre- Jurassic.  The  Susitna  slates  and  schists  show 
some  lithologic  resemblance  to  the  rocks  of  the  Simrise  "  series ''  of 
the  Turnagain  Arm  region,  but  appear  for  the  most  part  to  be  some- 
what more  highly  metamorphosed. 

The  microcrystalline  schists  are  interstratified  with  the  clay  slates 
and,  especially  those  containing  notable  amounts  of  hornblende,  ap- 
pear to  represent  metamorphosed  bands  of  impure  dolomites.  Sim- 
ilar rocks  are  not  known  from  the  Sunrise  "  series."  On  accoimt  of 
these  differences,  w^hich  on  the  whole  appear  to  outw^eigh  the  similari- 
ties, the  Susitna  slate  is  placed  beneath  the  Sunrise  formation  in  the 
geologic  column. 

GRAYW^VCKES  AND  SLATES  OF  THE  KNIK   RnT.R  REGION. 

DISTRIBUTION    AND    CHARACTER. 

The  rocks  on  the  south  side  of  Knik  Arm  and  in  the  valley  of 
Knik  River  consist  hirgt^ly  of  gt*aywackes.  slates,  and  phyllitea  with 
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some  greenstones,  rhyolites,  and  tuffs.  The  general  strike  of  the 
series  (N.  60°  E.)  tends  to  carry  them  eastward  approximately  paral- 
lel to  the  course  of  Matanuska  River.  Their  distribution  to  the  south 
is  indicated  by  the  fact  that  the  moraine  of  the  great  glacier  at  the 
head  of  Knik  Valley  is  composed  exclusively  of  graywacke  and  slate. 
As  the  same  rocks  are  reported  by  Mendenhall  from  along  the  shores 
at  Port  Wells  on  Prince  William  Sound,  it  is  probable  that  this  sec- 
tion across  the  Chugach  Mountains  consists  largely  of  graywackes 
and  slates. 

The  graywackes  are  highly  indurated  rocks,  whose  most  conspicu- 
ous feature  to  the  unaided  eye  is  the  unusual  abundance  of  small 
angular  slate  fragments.  They  are  of  dark  bluish-gray  color  and  at 
some  places  are  not  easily  distinguishable  from  basic  volcanics. 
Under  the  microscope  the  graywackes  prove  to  be  of  rather  hetero- 
geneous derivation.  Angular  fragments  of  quartz,  containing  capil- 
lary rutile,  fragments  of  feldspar,  plagioclase  in  part,  usually  altered 
and  occasionally  distinctly  rounded,  hornblende,  augite,  and  frag- 
ments of  slate  comprise  the  main  constituents.  A  little  muscovite, 
epidote,  pyrite,  magnetite,  and  zircon  are  present  as  accessories.  The 
binding  material  is  a  feebly  polarizing  aggregate  flecked  with  chlorite. 
Other  thin  sections  of  the  graywackes  show,  in  addition  to  the  slate 
particles,  fragments  of  quartzite,  of  micropegmatite,  and  of  a  chlorit- 
ized  volcanic,  probably  an  andesite.  The  graywackes  are  roughly 
schistose,  and  pass  by  increasing  fineness  of  grain  into  graywacke 
slates  and  into  highly  cleaved  clay  slates.  The  slates  lo(!ally  assume  a 
schistose  foliation,  become  glossy,  and  j^ass  into  phyllites.  At  Knik 
Glacier  they  are  affected  by  slij)-strain  cleavage,  and  are  acutely 
crumpled  and  contorted.  The  interbedded  graywacke,  however,  has 
been  rendered  only  roughly  schistose.  Quartz  stringers  are  very 
abundant  in  the  slates  and  graywackes  of  the  Sunrise  ''  series,"  and  at 
places  form  an  intricate  network  of  small  veins,  averaging  alx)ut  an 
inch  in  thickness.  Mineralizaticm  of  the  quartz  is  not  visible  to  the 
eye.  In  the  Sunrise  district,  however,  free  gold  is  found  at  s(mie 
places  in  these  stringers. 

Near  the  mouth  of  Knik  River  a  gi'eat  volume  of  greenstone  tuffs, 
estimated  as  probably  1,500  feet  thick,  was  found  associated  with  the 
gfrajrwackes.  They  are  dense,  fine-grained  rocks  of  green  color,  con- 
i^picuous  on  account  of  the  numerous  angular  fragments  of  black  slate 
which  they  inclose.  The  microscope  shows  that  the  rock  is  largely 
composed  of  opaque  angular  fragments  of  a  greenish-yellow  color. 
In  places  such  fragments  contain  phenocrvsts  of  highly  altered  feld- 
spar and  porphyritic  augite  in  fine  idiomorphic  develo})nient.  The 
remaining  constituents  of  the  tuff  comprise  fragments  of  brown  horn- 
blende, augite,  graywacke,  intersertal  basalt   (much   altered),  and 
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quarts  diorite.     Chlorite  and  calcite  form  a  scanty  binding  material, 
and  a  little  leiicoxene  occur>^  as  an  acces^sory  miiieraL 

The  maissive  greenstoneis  found  in  the  Sunrise  '"series"  are,  as  a 
rule,  nonporphyritic  rocks  of  aphanitie  texture.     Becondaiy  minemlajH 
such  as  light-green  hornlilende,  chlorite,  and  t*pidote,  tire  strongly 
developed  J  and  the  feldspars  are  represented  by  aggi*egafcH  of  dec<jm-^ 
po*jitinn  products.    The  former  structure  is  thus  often  obscuretl,  btlj 
remnants  of  ophitic  or  closely  allied  textures  an?  sufficiently  well  pra 
served  to  leave  no  doubt  as  to  the  original  character  of  the  rock, 

Rhyolites  and  their  tuffs  are  associated  with  slates  at  a  locality  half 
WMV  up  Knik  River.  The  acidic  volcanics  are  of  felsitic  habit  and 
inchide  flow-banded  types  and  porphyritic  phases  with  inconspicuous 
quartz  phenocrysts.  A  rude  schistosity  has  been  impressed  on  them, 
and  in  consequence  they  show  a  faint  unctuous  api>earance  on  their 
foliation  planes.  In  thin  section  a  strongly  marked  eu  taxi  tic  struc-  ^ 
tura  is  disphiyed,  which  is  further  emphasized  by  the  fact  that  certain 
flow  bands  show  a  more  advanced  devitrification  than  others-  Por- 
[>hyritic  constituents  are  not  numerous.  Of  these,  quartzes  aix^  most 
abundant  They  exhibit  in  places  some  magma  tic  corrosion,  but  aiT 
usually  broken  and  disperstid,  A  few  orthochise  phenocrysts  are  pres- 
ent, crushed  and  largely  converted  to  stTicite.  Epidote,  replacing 
original  femie  phenocrysts,  is  a  rare  constituent.  The  gi'oundmass  is 
micixicryptocrystalline  and  very  feebly  polarizing.  Occasionally  cer- 
tain flow  lt;Hids  iwi'  n<iU^ worthy  on  account  of  the  abundance  of  very 
minute  flakes  of  sericite. 

The  tuffs  accompanying  the  rhyolites,  like  the  greenstone  tuffs,  are 
remarkable  for  the  abundance  of  small,  angular  slate  fragments  which 
they  include.  Microscopic  study  indicates  that  the  rhyolite  tuffs 
gi-ade  into  graywackes.  A  transitional  type  is  represented  by  a  rock 
in  which  glassy  quartzes  and  white  feldspars  are  studded  in  porphy- 
ritic fashion  in  a  dense  greenish  matrix.  In  thin  section  about  half 
of  the  slide  is  composed  of  numerous  fragments  of  microcryptocrys- 
talline  volcanics  showing  fluxion  phenomena.  They  are  sparingly 
porphyritic,  and  in  one  section  were  found  to  contain  dihexahedral 
quartz.  These,  as  it  were,  constitute  a  groundmass  for  angular  frag- 
ments of  quartz  and  plagioclase.  The  microclites  commonly  referred 
to  rutile  are  unusually  well  shown  in  the  quartz  fragments,  as  is  also  a 
little  zircon.  The  feldspar  occasionally  shows  rounded  edges,  and 
is  usually  in  an  advanced  state  of  alteration.  Some  partially  chlorit- 
ized  augite  and  a  little  hornblende  are  also  present.  Slate  particles 
are  numerous,  and  show  molding  around  the  other  constituents  in 
consequence  of  the  shearing  to  which  the  rock  has  been  subjected. 
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granitic  area,  probably,  as  the  inclusions  in  the  gi'eenstone  tuff  show, 
of  quartz-diorite  character. 

The  various  rock  types,  graywackes,  greenstone  tuffs,  and  rhyolite 
tuffs  are  characterized  by  the  presence  of  numerous  small,  angular 
slate  fragments.  Metamorphism  has  not  proceeded  far  enough  to 
mask  the  clastic  origin  of  the  typical  members,  nor  to  cause  a  marked 
development  of  new  minerals. 

The  cleavage  of  the  rocks  of  the  Sunrise  "  series  "  is  parallel  to  the 
bedding.  The  strike,  which  is  N.  60°  E.  at  the  mouth  of  Knik  River, 
gradually  swings  around  to  the  north  as  the  Knik  River  is  ascended, 
and  becomes  N.  10°  E.  at  Knik  Glacier.  This  change  of  strike  in 
the  strata  coincides  in  a  general  way  with  the  change  in  the  axial 
trend  of  the  Chugach  Mountains,  which  in  this  region  make  a  great 
bend  to  the  south  and  continue  into  the  Kenai  Peninsula  as  the  Kenai 
Mountains.  The  dips  are  usually  high,  ranging  from  40°  to  90°. 
Structurally  the  series  presents  a  monoclinal  succession  of  steeply 
dipping  strata,  which  is  undoubtedly  due  to  repetition  by  close 
folding. 

AGE   AND   CORBELATION. 

The  rocks  on  the  south  side  of  Knik  Arm  were  included  by  Men- 
denhall  *  in  the  Sunrise  "  series,"  as  originally  defined — a  name  given 
to  the  metamorphic  gold-bearing  rocks  occurring  in  the  Sunrise 
mining  district  on  Tumagain  Arm.    They  are  described  by  Moffit  ^ 
as  consisting  principally  of  slates  and  arkoses,  with  very  subordinate 
amounts  of  quartzite  and  conglomerate.    The  rocks  of  the  region 
under  discussion  bear  a  general  lithologic  rcsembhince  to  those  of 
the  Tumagain  Arm  region  and  conform  with  them  in  strike.     There 
appears,  accordingly,  no  good  reason  for  introducing  a  new   for- 
mation name,  and  they  are  here  discussed  under  the  designation  of 
Sunrise  formation,  although  basaltic  greenstones  and  aporhyolites 
have  not  been  described  from  the  type  locality.     No  fossils  have  yet 
been  found  in  the  Sunrise  formation,  so  that  only  tentative  con- 
clusions as  to  its  age  can  be  drawn.     The  slates  and  graywackes  of 
the  Sunrise  "  series  "  in  the  region  under  discussion  are  more  highly 
metamorphosed  than  the  shales  and  sandstones  in   the   adjoining 
Matanuska  region.    As  the  latter  are  shown  by  their  marine  fauna 
to  be  lower  Middle  Jurassic,  an  age  probably  earlier  than  Middle 
Jurassic  is  indicated  for  the  Sunrise  "  series."    From  a  similar  line 
of  evidence  in  the  Kachemak  Bay  region  Moffit  ^  has  assigned  the 
formation  to  a  pre-Jurassic,  probably  Paleozoic,  age. 

•  Op.  clt,  p.  .306. 

*  Moffit,  F.  H.,  Gold  fields  of  the  Tumagain  Arm  rcKion  :  Bull.  U.  S,  Gool.  Survey  No.  277, 
1906,  p.  16. 

f  Op-  clt»  P'  1^» 
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In  the  abi^ence  of  definite  paleontologic  evidence,  the  correlation 
the  Sunrise  formation  with  the  similar  graywacke-islate  ^^eries  oJ 
Prince  William  Sound  must  bo  made  on  purely  petrographic  anc 
structural  gi*ounds.  On  tliis  basis  it  appears  that  the  Suarise  for 
mation  is  probably  the  ^uivaleiit  of  the  Valdt^a;  formation* 
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In  addition  to  the  gi'eenstones,  rhyolites,  and  accompanying  pyro 
elastics,  whieli  form  an  integral  portion  of  these  rocks,  other  igneoiH 
vovkii  occur,  probably  as  intrnsives.  They  include  quartz  diorit^ 
peridotite  (Iher^ioUte),  and  atidesite.  The  quartss  diorites  on  th# 
south  tiide  of  Knik  Arm  form  bosses,  whose  illation  to  the  surrouii<^ 
ing  sedimentary  rocks  was  not  seen.  They  ai'e  cut  by  andesitic  diket 
of  greenstone  habit.  A  mass  of  peridotite  composed  of  augite,  en 
gtatite,  and  partially  sea-pen  tin  ized  olivine  occurs  in  the  mountai| 
mass  southwest  of  Eklootna  Creek. 
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The  oldest  rocks  of  determined  age  comprise  ande>sitic  greenstones 
quartz  porphyries,  tuflfaceous  sandstones,  shales,  and  conglomerates 
Some  coal  is  found  in  the  non volcanic  portion  of  this  serie^s.  Th" 
greenstones  constitute  the  most  characteristic  member  and  attain  i 
wide  distribution,  especially  in  the  interior  of  the  Talkeetna  Moun 
tains,  where  only  thtj  volcanic  portion  of  the  series  appeal's  to  b 
present. 

The  great  bulk  of  the  greenstones  are  clearly  products  of  explosiv< 
volcanic  activity.  They  occur  largely  in  the  form  of  stratified  brec 
cias  (PL  III,  B)^  in  which  angular  fragments  of  dark-blue  por 
phyritic  rock,  varying  in  size  from  microscopic  dimensions  to  sev 
eral  feet  in  diameter,  are  inclosed  in  a  matrix  of  green  color. 
This  contrast  of  colors,  which  serves  to  emphasize  the  breccia  char 
acter  of  the  rock,  is  due  to  the  fact  tliat  the  matrix  is  abundantb 
changed  into  the  green  mineral  chlorite,  whereas  the  large  angulai 
fragments,  being  of  a  dense,  fine-grained  texture,  have  often  with 
stood  alteration  more  thoroughly.  With  the  bi^eccias  are  intercalatec 
various  sheets  of  aniygdaloids,  porphyries,  and  flow  breccias.  (Se< 
PI.  Ill,  D,)  The  aniygdaloids  are  frequently  studded  with  numerouj 
large  amygdules,  whose  filling  may  consist  of  chalcedony,  quartz 
calcite,  chlorite,  or  zeolite. 

A  prominent  feature  of  the  greenstones  is  the  great  amount  o: 
shattering  and  slickensiding  which  they  exhibit.    Where  this  interna 
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acter  was  noted  at  several  localities,  but  a  thin  irregular  seaming 
with  calcite  appears  to  be  the  most  usual  form  of  mineralization. 

Petrographically  the  gi'eenstones  are  prevailingly  andesitic,  usually 
of  hyalopilitic  or  pilotaxitic  texture,  and  more  or  less  completely 
ehloritized.  Examples  more  basic  than  andesite  a})pear  to  be  rare 
and  were  noted  only  on  Boulder  Creek,  about  7  miles  from  its  mouth, 
where  greenstones  displaying  columnar  structure  make  up  the  north 
wall  of  the  valley.    These  prove  to  be  diabase  jK)rj)hyries. 

The  thickness  of  the  greenstones  often  exceeds  1,000  fc^et.  The 
tuffs  locally  contain  fragments  of  lignite,  and  at  the  eastern  end  of 
Sheep  Mountain,  in  the  upper  Matanuska  Valley,  were  found  to 
carry  marine  shells  in  a  fine  state  of  preservation. 

Under  the  convenient  field  term  "  quartz  porphyry "  have  been 
g:roui>ed  various  rhyolites  and  dacites,  including  their  tuffs,  that 
are  associated  with  the  greenstones.  These  are  widely  distributed  in 
the  interior  of  the  Talkeetna  Mountains.  The  rhyolites  are  gener- 
ally flinty-looking  rocks  containing  glassy  phenocrvsts,  but  also 
include  some  splendid  flow-banded  phases.  Devitrification  is  com- 
mon in  the  rhyolites.  Some  of  the  dacites  resemble  the  rhyolites  in 
appearance,  but  others  possess  a  greenstone  habit.  Thesi*  acidic  lavas 
appear  to  have  been  erupted  either  during  or  soon  after  the  period 
of  tRe  andesitic  extrusions,  as  they  contain  included  in  them  frag- 
ments of  microlitic  andesite. 

During  the  extravasation  of  the  rhyolites  conditions  were  not  uni- 
form over  the  province.  While  lavas  were  accumulating  in  some 
portions  of  the  region  sedimentation  was  })r()gressing  in  others.  On 
the  divide  between  Hicks  and  Boulder  creeks  a  white  stratum  20 
feet  thick  is  prominent.  It  proves  to  be  a  feldspathic  sandstone, 
with  some  irregular  thin  white  bands,  about  a  quarter  of  an  inch 
thick,  scattered  through  it.  The  microscope  shows  that  these  bands 
are  composed  of  microspherulitic  particles  and  fragments  of  devitri- 
fied  rhyolite,  with  fine  flow  structure,  indicating  that  showers  of 
rhj'olitic  material  were  prevalent  during  this  portion  of  lower  Middle 
Jurassic  sedimentation. 

At  various  points,  especially  in  the  region  east  of  Chickaloon 
Creek,  the  greenstones  are  overlain  conforuiably  by  a  series  of  sand- 
stones and  shalCvS.  Some  finely  flow-banded  volcanics,  now  devitri- 
fied,  are  in  places  associated  with  the  sediments,  proving  that  eruj)- 
tive  activity  had  not  entirely  ceased  during  their  deposition.  This 
series,  by  its  dominantly  sedimentary  character,  can  be  readily  dis- 
tinguished from  the  underlying  meta-andesite  accumulation. 

The  sandstones  are  usually  feldspathic,  and  under  the  microscope 
show  numerous  small  fragments  of  microlitic  andesite  no  larjLr<'r  than 
the  feldspar  or  quartz  grains.  The  shales  locally  carry  numerous 
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limestone  nodules.  At  various  locaIitie.s  the  shales  and  sandstones 
associated  with  the  greenstones  are  intensely  shattered  and  crushed. 
This  is  especially  notable  in  the  gorge  of  Billy  Creek,  In  ihi.s  vicin- 
ity also  occur  several  conglomerates  not  found  elsewhere  in  the  series. 
Some  of  these,  perhaps,  merit  description.  The  conglomerate  just 
above  the  head  of  the  gorge  is  comix»sed  of  well-rounded  bowIdei-Sj 
up  to  4  feet  in  ditirneter,  of  ande^site  porphyry  and  of  amygdaloid. 
The  matrix  of  this  volcanic  conglomerate  has  been  severely  slicken- 
sided*  On  the  same  sti^tim  another  conglomerate  40()  fei^t  thick  is 
revealed*  It  consisti^  of  various  porphyries  and  white  quartz  peb- 
bles embedded  in  a  gritty,  coherent  matrix,  A  noteworthy  feature 
of  this  conglomerate  is  the  abundance  of  pebbles  that  show  indi* 
vidual  faulting. 


STRUCTURE. 


The  general  strike  of  the  series  js  north  and  south  (magnetic),  and 
the  dips  are  variable.  Along  one  of  the  western  tributaries  of  I  licks 
Creek  a  gentle  synclinal  folding  is  exposed;  farther  north  on  Hicks 
Ci"eek  a  small  steep  anticline,  trending  N,  S0°  E.  (magnetic) ,  is 
shown.  The  l>eds  are  broken  by  numerous  faults  of  small  throw 
and,  as  is  evident  from  the  detailed  de^scription  of  the  series,  have 
been  subjected  to  a  large  amount  of  internal  disturbance.  Detailed 
mapping  will  show  the  preseucse  of  a  complicated  system  of  more 
extensive  faults. 
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FOSSILS    AND    AGE. 


The  fossils  found  in  tuffs  associated  with  the  greenstones  were 
submitted  to  T.  W.  Stanton,  w^ho  reports  as  follows: 

6  A.  K.  201.    Fossiliferous  tuffs,  associated  with  lavas  and  coarse  pyroclastics, 

from  the  head  of  Matanuska  River. 
RhynchoneUa.  Astarte? 

Lima.  Protoeardia. 

Pecten.     Smooth  sj^ecies.  Pleiiromya. 

Pecteii.     Species  of  Vola  type.  Soiminia? 

Trigonia. 

The  Jurassic  age  of  tliis  lot  is  clearly  shown  by  the  form  of  the  Trigonia  and 
of  the  ammonite  {Sonniniaf).  The  general  aspect  of  the  fauna  is  that  of  the 
lower  part  of  the  Enochkin,  though  it  may  be  somewhat  older  than  the  fauna 
in  lots  88A  and  88B.  With  the  exception  of  the  Fo/a-like  species  of  pecteu 
there  is  nothing  in  it  to  suggest  the  lower  Jurassic  fauna  of  Seldovia. 

According  to  this  determination  the  age  of  the  greenstones  is 
lower  Middle  Jurassic.® 
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In  general  the  sandstones  and  shales  arc  barren  of  fossils,  though 
belemnites  are  rather  common.    The  following  species,  however,  were 
found  and  were  submitted  to  Mr.  Stanton,  who  reports  as  follows: 
6  A.  K.  88A.    Caribou  Creek,  tributary  to  Matanuslca  River. 
iDoceramus  of.  luclfer  Bichwald.  Phylloeeras. 

Pleuromya.  Stephanoceras. 

Plearotomaria.  •  Opi)eliaV 

6  A.  K.  88B.     Same  locality  as  preceding,  Imt  found  in  float  bowlder  in  stream 

bed. 
Inoceramus.  Stephanooeras. 

Xatica.  SonninlaV  (two  sp<H'ies). 

PhylloceraH.  Belenniites. 

The  two  lot8  are  evidently  from  the  same  horizon,  and  n<»arly  all  the  sinn-ies 
occur  in  the  lower  part  of  the  Enoclikin  at  Snug  narlK)r. 

The  age  of  these  sandstones  and  shales  is,  therefore,  substantially 
the  same  as  that  of  the  greenstones — lower  Middle  Jurassic.  The 
sediinentaries  from  which  the  above  fossils  were  collected  ilo  not 
differ  much  in  appearance  from  the  Tertiary  sandstones  of  the 
region.  The  greenstones,  however,  wear  a  more  ancient  aspect,  and 
are  usually  more  internally  disturbed  than  the  sodinientaries,  ])rob- 
ahly  in  consequence  of  the  volume  changes  which  they  have  undergone 
during  their  metasomatic  alteration. 

QUARTZ    DIORITE. 
DISTRIBUTION. 

Much  of  the  rugged  interior  of  the  Talkeetna  Mountains  remains 
unexplored,  but  such  evidence  as  is  available  indicates  that  the  great 
central  area  consists  wholly  of  granitic  rocks.  Extensive  exposures 
of  granular  crystallines  were  encountered  along  the  line  of  travel. 
The  morainal  material  brought  down  by  the  glaciers  from  the  remote 
recesses  of  the  range  and  the  gravels  of  the  streams  heading  in  the 
mountainous  interior  consist  prevailingly  of  granitic  material. 

A  considerable  variety  of  rock  tyi)es  is  found,  but  (juartz  diorites 

appear  to  predominate.     A  quartz  diorite  north  of  Tsadaka  Creek 

carries  the  dark  minerals,  hornblende  and  biotite,  and  is  associated 

with  a  quartz-diorite  gneiss  rich  in  hornblende.     This  gneiss  is  found 

also  on  Granite  Creek  and  is  doubtless  a  cataclastic  phase  of  the 

massive  quartz  diorite.      Along  the  middle  course   of  (Miickaloon 

Creek  quartz-augite  diorite  appeal's,  but  toward  the  headwaters  it 

gives  place  to  a   muscovite  granite.     Along  the   u})i)er   Talkeetna 

gneisses  again  appear,  but  along  the  lower  course  more  (juartz  diorites 

are  exposed.     Along  the  western  flank  of  the  Talkeetna  Mountains 

granitic  rocks  are  exposed  in  gi'cat  abundance  almost  continuously 

from  Talkeetna  River  to  Willow  Creek  and  again  as  a  narrow  band 
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fomiing  the  southern  boundary  of  the  crystalline  nuca*schist  areaJ 
Near  Sheep  Creek  wi^iie  uralitic  sabbro  is  found-     In  the  vicinity  of 
Ka^^hwitim  River  is  u  tight-colored  quartzose  type,  which  proves  to 
Ije  a  quartz  monzonite,  ■ 

The  quartz  cliorites  on  the  s^mth  side  of  Knik  Arm  are  probably 
to  be  correlated  with  those  making  up  the  main  mass  of  the  Talkeetna , 
Mountains*     Similarly  a  sraall   isolated  boss 'of  epidotiz*Hl  quaria 
ilioHte  a  few  miles;  east  of  the  mouth  of  Caribou  Ci'eek  appears 
belong  to  the  same  general  mass. 

AGE. 

l¥herever  the  quarts  dioritas  come  in  contact  with  the  Susitnft^ 

formation  a  recrystallization  of  the  sedimentt^  h^iH  taken  place  and 
finely  granular  horn f els  has  been  produced.  Along  the  upper  Ciiick- 
a  loon  the  coiitact  of  the  granite  with  the  andesitic  greenstones  is 
marked  by  a  fine-gi'-ained  marginal  facies.  Granite  porphyries  of 
nevadite  habit,  containing  green>^tone  inclusions,  appear  near  the 
contact  and  probably  represent  the  chilled  border  of  the  invading 
granite  magina.  fl 

The  quart 2-diorite  boss  tiast  of  Caribou  Creek,  which  appears  to" 
represent  a  satellitic  intrusion  attendant  on  the  ha  t  hoi  it  h  t>f  the  Tal- 
keetna  Mount  a  ins,  invades  the  andesitic  green  stone^s  of  Sheep  Moun- 
tain, which  have  hiN^n  shown  by  their  fossils  to  be  of  lower  Middle 
Jurassic  age.  Accept infr  tlie  eorrehition  of  this  quartz-diurite  mass 
with  those  of  the  central  portion  of  the  province,  we  have  strong  pre- 
sumptive evidence  that  the  batholithic  core  of  the  Talkeetna  Moun- 
tains is  later  than  the  Middle  Jurassic.  From  the  abundance  of 
granitic  material  in  the  coarse  conglomerates  of  Upper  Jurassic  age 
it  is  inferred  that  the  intrusion  preceded  the  deposition  of  the  late 
Jurassic  strata.  The  granitic  complex  of  the  Talkeetna  Mountains 
is  thus  contemporaneous  in  a  general  w  ay  w  ith  that  great  series  of 
batholithic  intrusions  of  late  Mesozoic  age  w^hich  affected  the  entire 
cordilleran  region  from  the  Straits  of  Magellan  to  the  Seward  Penin- 
sula of  northw^estern  Alaska." 

UPPER  JURASSIC  ROCKS. 
niSTRmUTION    AND    CHARACTER. 

The  Upper  Jurassic  rocks  consist  largely  of  blue  shales,  locally 
carrying  fossiliferous  limestone  nodules.  With  the  shales  are  asso- 
ciated various  sandstones,  conglomerates,  and  some  tutfs  and  arkoses. 
Strata  of  this  age  have  a  wide  distribution  east  of  Chickaloon  Creek, 
but  were  not  observed  in  the  Talkeetna  Mountains. 
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The  sandstones  of  this  series  are  usually  ordinary  yellow  sandstones, 
which  in  places  are  conspicuous  on  account  of  the  multitudes  of 
AuceUa  contained  in  them,  this  fossil  making  up  as  much  as  one-half 
of  the  rock.  In  some  places  the  sandstones  have  light-gray  color. 
This  is  due  to  the  fact  that  such  beds  are  highly  feldspathic  and  con- 
tain much  finely  comminuted  black  mica  with  an  abundance  locally 
of  small  bits  of  carbonaceous  material. 

On  Billy  Creek  a  number  of  interstratified  tuff  beds  from  1  to  4 
feet  thick  occur  near  the  top  of  the  series,  a  few  hundred  feet  beneath 
the  base  of  the  Cretaceous.    These  tuffs  differ  greatly  in  appearance 
from  the  older  Jurassic  tuffs.     They  consist  largely  of  fragments  of 
glassy,  striated  feldspar,  hornblende,  and  quartz  with  fine  pyramidal 
terminations,  set  in  an  almost  black  matrix.     Belemnites  and  lamel- 
libranchs  are  embedded  in  these  tuffs.     Higher  in  the  series  arkoses, 
closely  simulating  granites  in  appearance,  are  interstratified  with 
the  sandstones.     Coarser  phases  contain  pieces  of  a  fresh  granitic 
rock — a  hornblende-biotite-quartz  monzonite.    The  arkose  is  composed 
largely  of  rounded  and  angular  fragments  of  feldspar  in  a  more  or 
less  advanced  state  of  alteration.     Quartz  is  notably  absent.    Deep- 
brown  hornblende  is  somewhat  common,  and  a  few  flakes  of  strongly 
pleochroic  biotite  are  found.     With  these  are  associated  fragments  of 
hornblende  andesite,  highly  altered,  some  of  which  were  noted  to 
contain  large  idiomorphic  feldspar  similar  to  those  forming  the  bulk 
of  the  rock.     The  arkose  thus  appears  to  have  been  derived  princi- 
pally from  the  destruction  of  a  volcanic  land  mass,  but  some  of  its 
material  was  possibly  brought  from  a  monzonite  area,  as  indicated  by 
the  fragments  of  monzonite.     Under  the  microscope  the  feldspars  of 
these  arkoses  by  their  alteration  contrast  strongly  with  the  clear, 
glassy  feldspars  of  the  somewhat  older  crystal  tuffs  already  described. 
A  notable  accumulation  of  conglomerate,  stretching  over  several 
square  miles,  occurs  in  the  headwater  region  of  Susitna  River,  near 
the  Xelchina  River,  where  extensive  glaciation  has  produced  deep 
troughs  that  expose  splendid  sections  of  it.     Perpendicular  cirque 
walls  reveal  a  thickness  of  not  less  than  1,100  feet.     Occasional  thin 
layers  of  sandstone  show  that  the  conglomerate  is  lying  in  horizontal 
attitude.     It  is  almost  exclusively  composed  of  large  well-rounded 
fwwlders  of  augite  andesite  and  quartz  monzonite  embedded  in  a 
tuffaceous  matrix.     In  the  upper  horizons  the  bowlders  of  andesite 
preponderate.     The  bowlders  of  the  conglomerate  are  ellipsoidal  in 
shape,  and  many  of  them  are  as  much  as  2  feet  in  diameter.     The 
conglomerate  is  lithified  firmly  enough  to  form  large  bowlders  in  the 
present  stream  wash. 

Sheets  of  lava  are  occasionally  intercalated  in  the  conglomerate. 
The  andesite  bowlders  are  composed  of  rather  fresh-looking  rock, 
and  thus  differ  in  appearance  from  the  older  greenstone  andesite. 
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The  angite  and  fi^ldspar  are  comparatively  unaltered,  while  the  hy- 
nlupilitic  /rroiindmass  sliowg  a  rather  strong  jn^njeutatinii  with  iron 
hydrate.  The  qiuirtz  monzonite,  win  eh  t-nrries  abundfiut  hornblende 
and  bintite^  is  alsi^  of  fresh,  unaltered  hal)it.  It  is  (lie  same  type  of 
eranitic  rock  that  is  found  in  tlie  nrkoses  on  Billy  Crt!ek* 

Along  Nelchina  River,  immediately  below  the  jiitjetion  of  the  north 
and  struth  forks,  the  s^tream  blutfs  reveal  an  interdigitatioii  of  lens^ 
of  ^^andstfmts  shale,  and  coarse  conglonierate.     The  siuidstones  showf 
cros8'lKHMing  and  contain  remains  of  Aurelln,     The  craiglomerates' 
are  (*cirnposetl  id  well-rctinuled  materialj  bowlders  a  foot  through  being 
common.     The  prevalence  of  granitic  rocks  is  notewoT*thy.     The  con^ 
glomerate  musses  s**rve  to  emphasize  I  lie  lenticular  habit  of  the  de-" 
posit,     A  lens  25  feet  thick  and  \(%)  feet  long  was  found  etanpletely 
inclosed  hy  siind  stone,    Solitant'  water  worn  Ixiwlders  have  Ix^en  em- 
l^edded  in  the  center  of  shale  lenses.    These  various  characteristics 
indicate  ii  deposit  formed  under  near-shore  conditions,  probably  in 
the  vicinity  of  the  dehouehure  of  a  swift  stream.     In  harmony  with 
this  interpretation  is  that  fact  that  the  Aufella  characteristir  (*f  these 
I'ocks,  though  a  true  marine  species,  is  often  found  Iti  bi:ds  interst rati- 
fied with  sandstones  inclosing  abundant  carl>ona(^^nis  fragments 


rOSaiLS  AND  A  HE, 


Beleninites.     Fragments. 


The  age  of  these  stratii  has  been  deternriiu^d  from  the  following 
invertebrates,  i dent i tied  by  T.  W.  Stanton  : 

Lot  6  A,  K.  156.  Headwaters  of  Nelchina  River  of  Copi)er  River  drainage. 
C'adoeeras  sp.     Many  immature  sj)eci- 

mens. 

Tiie  iiorizon  is  that  of  the  Cadoceras  zone,  which  forms  the  upper  third  of 
the  Enochkin  formation. 
Lot  6  A.  K.  IHr).  Nelchina  River. 
Pleuromya.  Belenuiites. 

Cadoceras?       Fragmentary        imprint 

doubtfully  referred  to  the  genus. 

The  horizon  is  probably  in  the  upper  part  of  the  Enochkin  formation. 
Lot  6  A,  K.  ISa.  Billy  Creek. 
Aucelhi  cf.  bronni  Rouiller. 

The  same  siUHies  occurs  in  similar  rock  in  the  Naknek  formation  of  Kamishak 
Bay. 

The  fossils  indicate  faunas  of  both  late  Middle  Jurassic  age  and 
Upper  Jurassic  age.  It  is  interesting  to  note  that  the  Upper  Jurassic 
rocks  of  this  region,  which  are  faunally  allied  to  those  of  the  Naknek 
fornuition  on  the  west  coast  of  Cook  Inlet,  show  a  certain  lithologic 
similarity  in  thr  presene*M)f  interst  rat  ifitnl  tntl'sand  nrkos<\''    Further* 
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more,  an  accumulation  very  similar  to  the  remarkable  andesite- 
granite  conglomerate  occurring  on  the  headwaters  of  Susitna  River  is 
found  at  the  base  of  the  Naknek  formation." 

STRATIORAPHIC   RELATIONS. 

The  late  Jurassic  rocks  overlie  the  lower  Middle  Jurassic  rocks 
unconformably.  On  Sheep  Mountain,  at  the  head  of  Matanuska 
River,  sandstones  and  shales  with  a  thin  basal  conglomerate  were 
found  resting  on  the  eroded  edges  of  the  lower  Middle  Jurassic 
greenstones.  The  following  measurements  indicate  the  amount  of 
this  discordance:  The  strike  of  the  greenstone  tuffs  is  N.  12°  W., 
and  the  dip  50°  E.;  the  strike  of  the  superjacent  sandstones  is  N.  85° 
W.,  and  the  dip  20°  N. 

The  thickness  of  the  late  Jurassic  rocks  (this  term  embracing  the 
late  Middle  Jurassic  and  Upper  Jurassic)  is  not  definitely  know^n. 
It  certainly  exceeds  2,000  feet,  including  a  known  thickness  of  1,100 
feet  of  conglomerate. 

Two  conglomerates  have  been  described  as  occurring  in  the  late 
Jurassic  rocks.  Of  these,  the  andesite-quartz-monzonite  conglomer- 
ate overlies  a  portion  of  the  late  Jurassic  strata,  possibly  of  upper 
Middle  Jurassic  age,  and  overlaps  the  greenstones  of  lower  Middle 
Jurassic  age. 

The  other  conglomerate  occurs  interstratified  with  shales  and  sand- 
stones, carrying  Aucella  cf.  hronni^  so  that  it  is  definitely  known  to 
be  of  Upper  Jurassic  age.  The  granite  bowlders  of  this  conglomer- 
ate do  not,  however,  show  the  striking  freshness  so  characteristic  of 
the  granite  of  the  other  conglomerate ;  hence  it  seems  to  have  l)een 
derived  from  a  granitic  landmass  which  had  been  exposed  for  a 
longer  period  to  subaerial  decay.  For  this  reason  the  andesite-gran- 
ite  conglomerate  is  regarded  as  occupying  a  lower  position  in  the 
stratigraphic  column,  probably  near  the  base  of  the  Upper  Jurassic, 
like  its  analogue  on  the  west  coast  of  Cook  Inlet. 

The  unconformity  between  the  late  Jurassic  and  the  lower  Middle 
Jurassic  rocks  records  an  important  event  in  the  dynamic  history  of 
the  area.  Below  this  break  in  the  stratigraphic  sequence  the  rocks 
are  shattered  and  broken  and  in  many  places  are  rudely  schistose,  and 
the  andesites  have  assumed  a  greenstone  habit  and  in  several  places 
have  been  extensively  pyritized  and  veined  by  quartz  and  calcite 
seams.  Above  the  unconformity  the  strata  lie  in  comparatively 
undisturbed  attitudes,  and  the  intorcahited  andesites  are  fairly  fresh 
and  unaltered,  differing  in  this  respect  but  slightly  from  the  Tertiary 
volcanics  of  the  region. 


«  Bilartln,  G,  C  The  petroleum  fields  of  the  l»ncinc  coast  of  Alaska:  Hull.  I'.  S.  (Jeol. 
Saxrey  No.  250,  1905,  p.  44. 


Eocks  of  Lower  Cretac^tw??  ngQ  ure  repn^stnitt^d  mainly  bv  a  ??irigle 
forniution — 41  oiassively  bedded  limestone,  BOO  feet  thick,  which  over- 
lies the  Upper  Jura^^sic  strata  conformably*     The  limestone  has  a 
liinittMl  aretil  dis^tribiition  and  is  known  only  from  the  headwaters 
of  Billy  CrtH'k  and  Nelchina  Kiver,  where  it  weathers  in  prominent 
gray  cliffs  encircling  the  hilltops,     (See  PL  IV,  B,  p,  42,)     The 
!ini(jHtone  i^  white  and  of  very  finely  sacchiiroida!  textnre.     On  fresh 
fnirtiire  it  emit>^  a  strong  fetid  odor.     It  is  readily  soluble  in  cnhl 
hydrochloric  acid,  and  evolves  an  abundance  of  unpleasant  hydro- 
cailion  gases.     Qualitative  tests  >>how  the  prepuce  of  not  more  than 
a  trace  of  magnesia.     Under  the   microscope  thti  detrital   organic 
or  i  gi  n  of  tli  i  y  1  imestone  is  rea  d  i  ly  a  p  pa  ren  t,     1 1 1  s  1  a  rgel  y  com  po^ed  o  f 
irregular  granules  of  dirty-looking  catcite,  but  with  these  are  asso-^ 
c'iati'd   numei\>us  prismatic  sections  referable  to  organic  fragments,  ■ 
Rhoinbohedral  cleavage  is  here  and  there  finely  developed*  but  the 
characteristic  calcite  twinning  is  notably  abst^nt.     J^oine  of  tlie  car-^ 
Ij^juate  is  still  in  the  aragonite  fornu  as  is  indicated  by  negative  biaxial' 
interference  figures,     Accesson'  constituents  are  limpid  phigioclase, 
(piartz  with  hairlike  rutile,  hornblende,  and,  more  rarely,  augite  and 
ajjutite.     The  ineomplete  converwion  of  the  earbonute  to  the  stable 
mod  iti  cat  ion,  and  the  absence  of  twin  lamellation  in  the  calcite  indi- 
cate the  esjsentially  static  conditions  in  which  the  limestone  has  f&^ 
mijini^<l  sinre  its  ff^r^mntion. 

The  age  determination  of  this  Cretaceous  horizon  is  based  on  the 
presence  of  Attcella  crassicollls  Keyserling,  obtained  by  Mendenhall  « 
from  a  conglomeratic  sandstone  at  the  base  of  the  limestone.  This 
conglomerate  may  indicate  a  time  break  between  the  Lower  Cre- 
taceous rocks  and  the  Upper  Jurassic  strata  in  conformable  sequence 
beneath  them. 

TERTIARY. 
EOCENE. 

DISTRIBUTION. 

Strata  of  Kenai  age  were  found  cmly  in  the  basin  of  the  Matanuska 
west  of  Hicks  Creek,  underlying  an  area  of  about  880  square  miles. 
This  figure  re])resents  a  miniuuun  area,  as  the  lower  Matanuska  Val- 
ley is  not  included  in  the  above  estimate  on  account  of  the  heavy 
gravel  sheet  which  effectually  conceals  all  bed  rock  in  that  part  of  the 
region.  Strata  of  the  same  age  are  found  at  Tyonek,  on  the  west 
side  of  Cook  Inlet,  and  at  various  points  in  Susitna  Valley,  but  they 
diifer  ecmsiderably  from  thos<^  of  the  MiitiUiiiska  reiiiun  in  their  litti- 
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ology  and  structure,  in  the  absence  of  associated  intrusives,  and  in 
the  character  of  the  interstratified  coal  seams.  Rocks  of  Kenai  age 
are  widely  distributed  throughout  Alaska,  but  usually  in  areas  of 
restricted  extent. 

"^  CHARACTEB. 

The  Kenai  of  the  Matanuska  basin  comprises  a  series  of  sandstones, 
shales,  arkoses,  numerous  coal  seams,  and  a  large  volume  of  con- 
glomerate. The  rocks  are  well  indurated,  and,  as  first  noted  by 
Mendenhall,  resemble  the  Paleozoic  coal  measures  of  the  Appa- 
lachian region.  The  sandstones  are  gray,  hard,  and  tough,  and  are 
characterized  by  the  presence  of  silvery  shreds  of  white  mica.  At 
some  localities,  as  in  the  leaf-bearing  strata  in  the  Kings  Creek  coal 
measures,  the  sandstones  contain  shale  fragments.  The  shales  show 
no  unusual  features;  they  are  dark-bluish,  fissile,  and  interstratified 
with  the  sandstones  in  very  regular  beds.  The  arkoses  w^ere  noted 
only  on  the  ridge  north  of  Tsadaka  Creek,  abutting  against  the 
quartz-diorite  mass.  They  are  composed  of  feldspar,  quartz,  and 
chlorite,  and  locally  contain  granite  pebbles.  Certain  strata  are  fine 
examples  of  regenerated  granites. 

Conglomerate  is  found  at  Castle  Mountain,  between  Kings  and 
Chickaloon  creeks,  and  at  Conglomerate  Moinitain,  between  Tsadaka 
and  Eska  creeks.  (See  PI.  Ill,  .1,  p.  10.)  At  both  places  the 
deposit  is  at  least  1,000  feet  thick.  Thin  sandstone  beds,  not  exceed- 
ing a  few  feet  in  thickness,  are  intercalated  with  the  conglomerate  and 
pinch  out  along  the  dip.  The  pebbles  of  the  conglomerate  are  well 
worn  and  possess  a  well-defined  shingling.  Their  diameter  averages 
4  inches  and  ranges  up  to  8  inches.  Oreenstone  porphyries  form  the 
principal  material  of  the  conglomerate*,  with  some  (juartz  porphyry 
and  very  rarely  some  granite  and  vein  quartz.  The  nuitrix  of  the 
pebbles  is  a  grit. 

Mendenhall**  describes  the  conglomerate  of  Castle  Mountain  as 
follows : 

This  be<l  i8  probably  not  less  than  1,000  foot  thick,  OOO  foot  of  it  liavinp:  l)oen 
uiensured,  and  the  estimated  height  of  tho  cliflf  al)ove  me  iit  the  time  of  tlio 
measurement  being  300  to  400  foot.  Tho  heavy  oonglomorate  i)latos,  wliich 
together  make  up  the  mountain,  are  soparatod  l».v  thin  sandy  sliale  shtn^ts,  which 
constitute  but  an  insignificant  qnantity  of  the  mass.  Tlio  j>el)l)los  of  the  c(m- 
glomerate  contain  a*  great  variety  of  roclvs,  among  thorn  many  ign(»oiis  tyi)es. 
They  are  rounded  and  vary  in  siz(»  ni)  to  a  foot  in  (liamot(»r.  ()v(»rlying  the 
Caistle  Mountain  bed  is  a  l>ody  of  soft  sliales  witli  a  cap  of  rod  sandstone. 

Heavy  beds  of  conglomerate  dipping  to  the  north  can  be  seen  on 
the  east  side  of  Chickaloon  Creek.    They  are  part  of  a  great  series  of 

"Mendenhall,  W.  O.,  A  rpconnaissnnco  from  Rosiirrocnon  Bay  to  the  Tnnaiia  Kiver, 
AUska,  In  1898 :  Twentieth  Ann.  Kept.  U.  S.  Ool.  Survey,  18J)8-91),  pt.  7,  p.  3U«. 


MATANTTgKA  AND  TALKEET^A  BASTl?^,  ALASKA, 


sandstonas,  shales,  and  cotiglom<?ratcaj  probably  not  leas  than  3,000 
feet  thick,  which  an»  ovprhiin  hv  basalt ic  porphynt*s  at  an  {'Un'titioo  of 
about  4,700  fwt.  Canyons  cut  tlmaigh  this  t^ries  of  rucks  have  nearly 
vertical  walk  ami  give  to  the  mountains  a  nmssiv*?  castellated  form* 

(SecPh  in,  e,p,  U\) 

The  coal  of  the  Kenai  of  the  Matanuska  biisin  is  bitnininoug  except 
where  motlified  by  igneous  racks.  The  seams  vary  in  thickness  up  to 
a  maxinnim  of  IT  feet,  J 


rOflSILS   ANn  AGE. 


The  age  of  these  beds  has  been  determined  from  their  fossil  plants. 
Theso  have  been  submitted  to  F,  TL  Knowlton,  who  reports  as 
follows;  J 


TliJH  mater Iol»  ponsii^tlnj?  of  Mx  smnll  lots*  Is  In  tUe  niftin  very  iMCforly 
serviMl  anfl   InsufUHeiit  !ii  4iiimtlty  to  u\n]w  tlie  r'i*pi>rt  of  full^t  VJilue. 
varlwufl  loealities  mad  tbe  forms  deteetecl  ai  eaeb  are  na  follows: 

Ti^wltilft  Pref'l\  2^>  fret  uborr  Jl-foftt  rtml  nffinK     -l//f*  Kt*7mt^ 


pre-" 
The 


r 


Seciuoia  Imjgfnlorfli  (rSr*:t.) 


I  I<?er. 


Kittgs  Creek  eouL 

Finis?  sTiinlaoilicn  rit»**r, 
Poimlu«  un'timV  Heer, 


MiiKTiolin  3iii;U*fi.*ldl  Ilei^r. 
Friiffitietits  of  other  ilk^tyleUoGB* 

Age,^  apparent fp  Kennt. 

Vlbunuiiii    sjK^    i*f.    V* 
neer 


nordeaaktiiMI 


Arkose  Ridge,  north  of  Tsadaka  Creek.    Age,  apparently  Kenai. 
Taxodium  distichum  mioeenum  Heer.        Ficiis?  grihilandica?  Heer. 


Taxodium  tinajonim  Heer. 
Populus  sp.? 


Paliiirus  colombi  Heer. 
Fruits,  cf.  Leguuiinosites  sp. 


Chickaloon  coal  strata,  Watsmi's  camp.     The  age  imiicated  is  Kenai, 
Sequoia  langsdorfii  (Brgt. )  Heer. 
In  addition  to  this  form  Martin  collected : 


Taxodium  distichum  mioeenum  (Brgt.) 

Heer. 
Salix  varians  II(»er. 


Porailus  arotica  Heer. 

Corylus  maequarii   (Forbes)  Heer. 

Jufflans  nigella  Heer. 


In  addition  to  the  plant  remains,  shells  have  been  found  by  Mar- 
tin in  the  thin  ironstone  (No.  17)  in  the  section  on  page  12  of  his 
report.**     Stanton  says: 

This  lot  (No.  33ir))  consists  entirely  of  fresh-water  pisteropods,  of  which  all 
but  one  specimen  belong  to  a  single  species  of  Viripanis  of  a  type  that  occurs 
in  both  the  upper  Cretaceous  and  the  Tertiary.  The  otlier  specimen  is  a  more 
slender  form,  too  imperfect  for  generic  determination.  Th(»se  fossils  are  appar- 
ently an  undescribed  si>ecies — at  least  they  are  new  to  Alaska — and  they  do  not 
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The  evidence  from  the  flora  of  these  beds  shows,  therefore,  that 
they  belong  to  the  Kenai,  which  is  regarded  as  of  upper  Eocene  age. 
The  evidence  from  the  fossil  gasteropods  is  valuable  in  coniirniing 
the  fresh-water  origin  of  this  thick  series  of  strata  and,  in  a  general 
way,  their  late  Cretaceous  or  Tertiary  age. 

STBATIGRAPHY. 

The  thickness  of  the  Kenai  in  this  field  is  not  definitely  known,  but 
is  over  3,000  feet,  of  which  1,000  feet,  near  the  top  of  the  series,  con- 
>ists  of  the  conglomerate. 

The  stratigraphic  relations  of  these  Tertiary  strata  to  the  older 
rocks  are  complex.  North  of  Tsadaka  Creek,  where  arkoses  come  in 
contact  with  granitic  rocks,  simple  erosional  unconformity  is  sug- 
gested. West  of  the  Little  Susitna  there  is  evidence  that  the  position 
of  the  sandstone  beds  against  the  crystalline  rocks  is  due  to  faulting. 
At  one  locality  the  beds  overlie  at  a  considerable  angle  crystalline 
mica  shists,  while  a  mile  or  two  farther  west  a  granite  similar  in  type 
to  the  central  granite  mass  has  taken  the  place  of  the  sandstone  beds 
against  the  schists,  and  the  sandstones  lie  farther  south,  against  the 
granite.  (See  PI.  II,  pocket.)  Along  the  south  flank  of  Anthracite 
Jiidge  the  Kenai  has  been  faulted  against  Jurassic  beds. 

The  Kenai  beds  have  been  folded  and  faulted  since  they  were  laid 
down.  The  folding  is  at  some  places  of  a  sharp,  asymmetric  charac- 
ter. On  account  of  the  presence  of  coal  lx»ds  in  the  Kenai,  it  is 
thought  best  to  present  the  main  discussion  of  its  structure  in  the 
description  of  the  coal  fields. 

IQNEOUS   PHENOMENA. 

Dikes  and  sills  of  diabase  are  numerous  in  the  Kenai  rocks  of  the 
Matanuska  region,  especially  in  the  region  east  of  Chickaloon  Crc^k, 
where  they  form  prominent  *'  trap  ridges."  The  thickness  of  the 
intrusives  ranges  from  several  fwt  up  to  several  hundred.  Equally 
noticeable  variations  in  grain,  ranging  from  (»xtremely  fine-grained 
to  coarse  ophitic  textures,  are  easily  recognized  by  even  the  naked  eye. 
At  Anthracite  Ridge  one  of  thes(»  dikes,  75  feet  thick,  composed  of 
au^te  and  labradorite,  has  exerted  strong  contact  metamorphism  on 
the  adjoining  shales,  baking  them  into  a  porc^elanite  zone  8  inches 
thick. 

The  igneous  sheet  overlying  the  shales  on  Kings  Creek  at  the  coal 
prospects  differs  petrogi*aphically  from  the  prevailing  diabase  in- 
trusives of  the  region.  It  carries  porphyritic  feldspars  in  a  light- 
colored  granular  groundmass  and  has  been  determined  microscopically 
to  be  a  monzonite  porphyry. 

The  effect  of  these  dikes  and  sills  on  the  coal  is  of  particular  interest. 
Wherever  they  cut  the  coal  or  come  ctlose  to  it  they  have  converted  it 
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to  n  hard,  (lt*fise  eoki^  Bi^nidoH  thiR  UichI  etTtH3t  the  presence  of  thick 
f^ill.s  in  the  cml4:)etirtng  rocks  iipposiriji  to  have  raised  the  gnitle  or 
fuel  value  of  the  coaL  Ah  will  be  shown  under  llie  discussion  of  the* 
mineral  res^ouiTus,  the  Matanunka  coal  field  can  be  divided  into  two 
dibitricts,  of  which  one,  tht*  western,  cx)ntain^  kw-grade  biliiminous 
cool,  approaching  lignites  in  composition,  while  the  other,  the  eaBtern, 
contains  high-gi^ade  bituminoui^  coah  The  difference  in  character  of 
the  coals  can  not  l>e  explained  a^  due  to  ditference  in  intensity  of 
folding  in  the  two  districts.  Igneous  intrusives  are  absent  from  the 
western  district,  but  are  prevalent  in  the  eastern.  This  association  of 
high-grade  coal  with  abnn^hmt  intrnsives  is  at  least  suggestive.  Fnr- 
Lht^nnorc.  it  is  probable  that  the  anthraeJtic  i*harartcr  of  the  coal  of 
Anthracite  Rid^^*  is  due  to  the  presence  of  unusually  thick  and 
abundant  dikes  in  rocks  of  Kcnai  asre. 


i1JMPAEJUt>M    Wrril    AlUUlNINU   ai^U)NN« 


J 


The  Kenai  rocks  of  Matannska  Valley  differ  markedly  fi^oni  thos- 
of  the  type  section  of  the  Kenai  as  exposed  on  Kiidiemak  Bay,  on 
Cook  Inlet/*  where  the  sandstones  are  soft  and  incoherent,  the  shales 
are  plastic  when  w^et,  and  the  li^iite  seams  form  the  resistant  meiU' 
tiers.  The  Ixxls  on  Kachemak  Bay  lie  at  low  angles  in  imdistnrljed 
attitudes.  The  lignite  is  in  general  hard  and  glossy,  but  in  the 
higher  seams  liecfuues  dull  an4l  shows  a  more  wcjody  HIxt,  The  louver 
seams  have  been  buried  under  a  depth  of  nearly  10,000  feet  of  strata. 

If  the  Kenai  of  Matanuska  Valley  be  compared  with  the  Kenai 
exposed  at  Tyonek,  the  contrast  is  even  greater,  though  Tyonek  is 
nearer  than  Kachemak  Bay.  The  Kenai  at  Tyonek  consists  ''  of  alter- 
nating beds  of  clay,  sand  wdiich  has  hardened  to  sandstone  in  huge 
nodules,  and  lignite."  ^  According  to  Eldridge,  the  lignite  in  places 
hardly  appears  to  be  more  than  a  compressed  mass  of  carbonized 
wood.  The  strata  are  tilted  at  angles  ranging  from  35°  to  00°. 
Though  more  sharply  deformed,  the  coal  is  of  lower  grade  than  that 
of  Kachemak  Bay. 

From  the  foregoing  comparisons  it  appears  that  the  Kenai  of 
Matanuska  Valley  differs  considerably  from  that  of  the  adjacent 
regions  in  its  higher  degree  of  induration  and  in  the  superior  quality 
of  its  coal  seams.  The  conclusion  can  be  drawn  that  the  higher 
character  of  the  Matanuska  coal  is  due  not  to  conditions  of  deeper 
burial  or  sharper  folding,  but  to  the  prevalence  of  intrusives  in  the 
coal-bearinsr  strata. 


•  stone.  R.  W.,  Coal   fields  of  the  Kachemak  Bay  region  :   Bull.   U.   S.  Geol.  Survey   No. 
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POST-EOCENE. 

Overlying  the  older  rocks  iinconformably  is  a  series  of  nearly  hori- 
zontal basalt  flows,  which,  with  their  intercalated  pyroclastics,  at- 
tain a  thickness  of  1,000  feet.  They  have  an  extensive  distribution 
throughout  the  Talkeetna  Mountains  and  compose  many  of  the  peaks 
and  summits  of  the  region.  They  weather  in  tints  of  red  and  break 
down  in  characteristic  erosional  forms  which  lend  a  picturesque 
castellated  appearance  to  the  mountain  crest  lines. 

The  basalt  flows  with  their  interbedded  tuffs  and  breccias  present 
a  stratified  appearance.     The  surface  upon  which  these  volcanics 
were  accumulated  appears  to  have  l^een  one  of  gentle  relief,  cut 
across  the  upturned  edges  of  the  older  rocks.     The  discordance  with 
which  the  nearly  horizontal  basalts  rest  upon  the  underlying  strata 
varies  from  10°  to  90°.  •  About  the  headwaters  of  Chickaloon  Creek 
this  surface  slopes  gently  northward.     East  of  Chickaloon  Creek 
its  altitude  is  about  5,000  feet.     It  is  somewhat  broken  by  small 
faults,  the  maximum  displacement  noted  being  50  fwt.     At  many 
places  the  basalts  rest  upon  a  conglomerate  occupying  broad  channels 
in  the  Low^er  Cretaceous  limestone.     The  basal  portion  of  the  volcanic 
series  here  consists  of  100  feet  of  tuffs  and  amygdaloid  breccias, 
which  interleave  with  the  sandstone  beds  in  the  upper  portion  of  the 
conglomerate.     The  conglomerate  consists  of  rather  coarse  wash  em- 
bedded in  a  gravelly  matrix.     The  pebbles  are  well  rounded,  though 
poorly  sorted  and  shingled,  and  cobbles  up  to  a   foot  or  more  in 
diameter  are  common.     The  material  is  largely  of  volcanic  origin, 
consisting  principally  of  greenstone  amygdaloids  and  eutaxitic  rhyo- 
lites — extrusives  of  Jurassic  age.     Some  irregular  lenticular  beds  of 
sandstone  are  included  in  the  conglomerate.     It  is  *J0()  feet  thick,  and 
in  the  vicinity  of  Billy  Crei^k  fills  a  channel  1,000  feet  wide,  cut  in 
the  Cretaceous  limestone  and  partly  in  the  underlying  sandstones. 
The  arclike  line  of  contact  is  finely  exposed  in  the  deep  canyons  tribu- 
tary to  Billy  Creek.     This  conglomerate,  whose  fluviatile  origin  is 
thus  apparent,  has  a  very  limited  distribution  and  has  ])een  preserved 
only  where  buried  under  the  covering  of  basaltic  lavas.     This  con- 
glomerate is  later  than  Lower  Cretaceous,  but  further  than  that  its 
age  is  not  known.     Lithologic  similarity  suggests  its  correlation  with 
the  great  mass  of  conglomerate  occurring  in  the  upper  horizons  of  the 
Kenai  in  Matanuska  Valley. 

Locally  the  conglomerate  is  capped  by  an  angular  wash  consisting 
of  fragments  of  sandstone  and  cellular  lavas,  upon  which  rests  the 
stratifonn  series  of  basalts  and  pyroclastics.  At  one  point  a  l)reccia 
of  imusual  constitution  was  found  near  th(»  l)ase  of  th(»  volcanic  series. 
This  breccia  consists  of  large  angular  blocks  of  highly  aniygdaloidal 
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hivii,  Ijlot'ks  of  sandstone  rantaiiiing  Aueelia,  and  a  few  hlrx^ks 
tliL^  C'i^taceons  liniastone  characteristic  of  the  region,  A  basalt  l>Ioeli 
8  by  10  feet  was  the  largest  noted.  The  matrix  in  which  this  angular 
material  is  enil^edded  is  composed  of  small,  well-rounded  gravel 
These  features  are  interpreted  as  indicating  a  volcanic  mud  flow  oc^ 
cupving  an  ancient  stream  coui'se. 

The  overlying  basalts  display  a  wide  variation  in  habit  and 
texture.  Highly  glassy  tyiws,  aniygdali>ids,  i)ori>hyries,  and  dolcrites 
ai-e.  variously  represented.  They  belong  to  the  acidic  end  of  the  basalt 
family  and  are  in  general  non-olivinitic.  The  coarse-grained  basalt 
consist  of  do  1  critic  iiggn*gatcs  of  labradorite  (AKAn.,)  and  augite 
Plagiaclase  is  the  doniinant  constituent,  and  is  in  only  a  few  speci 
nicns  poikilitically  inclosed  in  the  augite.  The  basalt  glass  from  the 
head  of  Chickaloon  Creek,  in  spite  of  its  holohyaline  aspect*  is  found 
to  contain  sporadic  phenocrysts  of  plagioclase  (AKAn,,)  and  augite, 
and  some  smalls  irregidarly  shaped  doleritic  aggregates  of  labradorite 
and  jiugite.  The  glassy  buse  is  of  a  ileep,  clear,  brown  colon  and  con- 
tains numerous  augite  and  very  minute  feldspar  microlites,  the  latter 
usually  having  forked  terminations-  H 

The  basalt.s  ovcrlio  a  conglomerate  of  post-Lower  Cretaceous 
origin  and  of  proljably  late  Kenai  age.  Their  petrography  sug- 
gests that  they  are  tiio  effusive  t^quivalents  of  the  diabase  dikes  and 
sills  that  are  so  common  in  the  Kenai  of  the  Matanuska  basin.  These 
volcanics  of  the  Talkectna  Mountains  can  be  correlated  with  tlie  fn*eat 
series  of  Tertiary  volcanics  of  the  upper  Nizina  basin,  described  by 
Schrader  and  Spencer,  and  with  an  important  volcanic  series  on 
Nabesna  River,  described  by  Brooks.  Both  these  series  are  described 
as  comprising  andesites,  rhyolites,  and  pyroclastics,  and  were  de- 
posited unconformably  upon  a  general  uniform  surface.  The  vol- 
canics of  the  Talkeetna  region,  however,  show  a  greater  petrographic 
uniformity  and  consist  exclusively  of  basalts  and  their  fraginental 
accunudations.  In  this  respect  they  show  a  closer  resemblance  to  the 
late  Tertiary  lavas  of  the  Alaska  Peninsula  and  the  Aleutian  Islands, 
which  have  been  described  by  Spurr «  as  andesitic  basalts. 

.  QUATERNARY   DEPOSITS. 

Extensive  deposits  of  glacial  and  fluvioglacial  gravels  are  preva- 
lent. They  extend  entirely  around  the  head  of  Cook  Inlet,  forming 
bluffs  50  to  100  feet  high.  Below  Knik  the  gravel  consists  largely 
of  subangular  to  rounded  pebbles  of  hornblende-biotite  granite  and 
graywacke,  with  occasional  muscovite-biotite  granite,  pyroxenite,  and 
andesitic  porphyries.     Enormous  angidar  blocks  are  frequently  in- 
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eluded  in  this  stream-worn  material.  Many  of  these  have  smooth, 
polished  surfaces  several  feet  square,  much  scratched  and  grooved. 
The  gravel  sheet  at  Tyonek,  on  the  west  side  of  Cook  Inlet,  with  its 
extension  up  Susitna  Valley  as  far  as  Chulitna  River,  has  been  rec- 
ognized as  divisible  into  an  older  and  a  younger  formation.  The 
older  apparently  consists  of  the  ground  moraine  of  an  advancing  ice 
stream,**  and  the  younger  includes  fluvioglacial  gravels  deposited 
upon  the  earlier  sheet  during  the  recession  of  the  ice.  These  distinc- 
tions can  not  be  drawn  in  the  Matanuska  region.  The  gravel  sheet 
in  Matanuska  Valley  is  of  considerable  areal  extent  and  mantles  the 
old  valley  floor,  especially  in  the  region  west  of  Chickaloon  Creek. 
The  gravels  near  the  mouth  of  Kings  Creek  have  a  maximum  thick- 
ness of  about  300  feet.  They  are  greatly  waterworn,  and  the  ice- 
rafted  bowlders  so  conspicuous  in  the  vicinity  of  Knik  Arm  were  not 
obiierved.  However,  the  fact  that  the  bluff  near  this  exposure  in 
Matanuska  Valley  is  composed  of  shales  shows  that  gravels  were 
deposited  on  a  surface  of  irregular  relief,  or  possibly  in  channels. 
This  is  also  shown  by  the  fact  that  the  walls  of  the  Matanuska  gorge 
are  in  places  composed  of  bed  rock,  and  in  other  places  of  gravel. 

In  its  upper  course  Matanuska  River  has  cut  a  V-shaped  gorge  in 
the  deposits  imderlying  the  southwest  corner  of  the  Copper  River 
Plateau.  The  gravels  here  consist  of  angular  blocks,  scratched  and 
striated,  inclosed  in  a  blue,  clayey-sandy  matrix.  The  river  has  cut 
down  300  to  400  feet  in  this  glacial  till,  but  does  not  yet  reveal  b(»d 
rock.  Farther  north,  in  the  Copper  River  Plateau,  stream  bluffs  on 
a  tributary  of  the  Nelchina  show  coarse  gravels  of  subangular  to 
well-rounded  character.  With  this  stream- worn  material  are  asso- 
ciated numerous  glacially  scored  bowlders  and  occasional  angular 
blocks  up  to  10  feet  in  size.  The  gravel  shows  considerable  variety 
in  its  petrographic  charct.er,  including  numerous  fragments  of  gran- 
ite, gabbro,  gneiss,  schist,  slate,  graywacke,  and  vein  (juartz.  None 
of  these  rocks  are  found  in  the  drainage  area  of  this  stream,  so  that 
the  fragments  appear  to  have  come  from  the  Alaska  Range. 

GEOL.OGIC  HISTORY. 

PRE-QUATERNARY. 

The  oldest  records  of  the  geologic  history  of  the  region  an^  pre- 
served by  the  albite  and  garnetiferous  mica  schists.  They  api)ear  to 
represent  a  series  of  calcareous  argillites  and  plagioclase  arkoses, 
recrystallized  under  conditicms  of  deep  burial.  Subsecjuent  to  their 
metamorphism  they  have  been  uplifted,  intruded  by  pyroxeuite  dikes, 
and  subjected  to  a  second   period  of  dynamic  activity.     Tlio  dikes 

«  Spurr,  J.  E.,  op.  clt.,  p.  102. 
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were  thus  sheared  and  the  component  minerals  of  the  schists  were 
cnis^hed.  The  highly  cryt^talline  character  of  tlie  schists  and  their 
isolat-ed  occurrence  as  a  single  narrow  lielt  indicate  the  completeness 
of  the  geoh:>gic  i-evolution  which  the  region  has  undergone  since  tlieir 
formation,  Ob  the  baHis  of  pctrographic  similiirify  tliese  schists  are 
corrchited  with  tho^  of  the  Yukon -Ta nana  region  and  aj^signed  to 
a  pre-Silurian  age.  M 

The  time  interval  between  the  deposition  of  these  oldest  roc^ks  and^ 
that  of  the  Susitna  slate  is  not  known,  but  appears  to  have  t>een  of 
considerable  duration,  as  is  indicated  by  the  far  less  advanced  meta- 
morphism  of  tlie  latter*  The  Susitna  conipri.ses!!  fiasile  slates,  foliated 
graywackes,  and  microcrystalline  hornblende  and  hiotitc  schists- 
The  possibility,  however,  that  they  may  be  contemporaneous  in  origin 
with  the  rocks  of  the  Sunrise  ''  .serie?? "  is  not  excluded. 

In  late  Paleozoic  or  early  Mesozoic  time  sedimentary  conditions 
prevailed  over  the  region  now  occupied  by  the  Chugach  Mountains, 
and  an  exteiit^ive  series  of  shales,  arkose,  and  ferromagnesian  sand- 
stones derived  from  the  destruction  of  a  qnartse-diorite  land  mass  were 
laid  down.  Volcanic  activity  interru|>ted  the  normal  sedimentary 
sequence  and  caused  the  aeenmulation  of  greenstone  tuffs,  associated 
with  some  massive  basaltic  gi^eenstones.  Rhyolitic  lavas  were  also 
poured  out,  and  the  accompanying  fragtnental  material  %vas  mingled 
with  the  sediments  derived  from  the  erosion  of  the  granitic  land  area. 
yuhse^p1entIy  these  deposits  were  closely  folded  and  metamorphosed 
to  graywackes,  slates,  and,  locally,  to  phyllitic  schists. 

At  the  beginning  of  Middle  Jurassic  time  marine  conditions  were 
inaugurated.  f>uptive  activity  was  then  widespread  throughout  the 
region  of  the  Talkeetna  Mountains,  and  andesitic  greenstone  breccias 
wath  intercalated  amygdaloids  were  accumulated  to  a  thickness  of 
1,000  feet.  The  relations  of  land  and  sea  appear  to  have  been  unsta- 
ble during  this  period,  and  a  portion  of  the  volcanics  were  doubtless 
extruded  upon  uplifted  land  areas.  The  exceedingly  coarse  volcanic 
conglomerates  show  the  effectiveness  of  erosional  agents,  and  the  com- 
position of  the  succeeding  sandstones  indicates  their  derivation  from 
an  andesitic  land  area. 

Toward  the  close  of  the  Middle  Jurassic,  quartz  diorites  forming 
the  core  of  the  Talkeetna  Mountains  were  intruded  and  the  Talkneeta 
area  was  uplifted.  A  vigorous  denudation  ensued,  the  sedimentary 
roof  arching  over  the  plutonic  rocks  was  stripped  off,  and  the  gran- 
olites  were  uncovered. 

By  the  beginning  of  the  Upper  Jurassic  the  granitic  land  mass  thus 
laid  bare  furnished  large  amounts  of  material  to  the  conglomerates 
then  accinnulatin*::.     Some  andesitic  erupt iojis  occurred  at  this  ti 


GLACIATION.  38 

occasional  arkoses  and  crystal  tuffs.  Marine  conditions  persisted 
uninterruptedly  until  the  close  of  Lower  Cretaceous  time.  The 
final  stages  were  marked  by  the  deposition  of  a  heavy  limestone, 
now  largely  removed  by  erosion. 

The  revolution  at  the  close  of  the  Lower  Cretaceous,  as  in  adjacent 
regions,  was  of  a  gentle  character.  The  strata  involved  were 
uplifted  with  but  slight  deformation  and  without  folding.  After 
diis  upheaval  there  came  a  long  period  of  erosion  and  planation. 
In  the  Matanuska  region,  however,  diastrophic  movements  produced 
a  trough  of  fresh-water  sedimentation  in  late  Eocene  time,  and  a 
thick  series  of  arkoses,  shales,  and  sandstones,  with  numerous  coal 
beds  were  laid  down.  The  arkoses,  occurring  probably  at  the  base 
of  the  formation,  indicate  strong  relief  in  the  adjacent  land  mass  at 
the  beginning  of  Kenai  time.  During  the  progress  of  sedimentation 
erosion  of  the  Talkeetna  area  continued  and  furnished  the  material 
for  the  Kenai  deposits.  At  the  close  of  the  Eocene  the  strata  were 
uplifted  and  sharply  folded.  Peneplanation,  however,  was  far  ad- 
vanced in  the  Talkeetna  area,  especially  on  the  flanks  of  the  region. 
Broad  rivers,  whose  beds  were  filled  with  well-rounded  gravels, 
flowed  over  its  surface. 

This  period  of  quiescence  was  finally  closed,  shortly  after  the 
folding  of  the  Kenai,  by  a  great  outburst  of  volcanic  activity. 
Drainage  conditions  were  destroyed,  lavas  flooded  the  stream  chan- 
nels, and  the  fluviatile  accumulations  were  buried  to  a  depth  of 
1,000  feet  under  a  succession  of  basalt  flows  and  tuffs.  While  this 
extravasation  of  volcanic  material  occurred  throughout  the  Talkeetna 
area  an  extensive  series. of  diabase  dikes  and  sills  were  injected  into 
the  Kenai  strata  of  the  Matanuska  basin. 

With  the  cessation  of  volcanic  activity  a  new  cycle  of  erosion 
was  begun,  initiating  the  modern  history  of  the  region. 

GLACIATION. 
PRESENT   GLACIATION. 

A  considerable  number  of  glaciers  still  remain  in  the  higher  portions 
of  the  Talkeetna  Mountains  (see  PI.  I,  pocket),  but  all  appear  to  be 
rapidly  receding.  Chickaloon  Creek  and  many  of  its  tributaries  are 
fed  by  glaciers  at  their  sources.  Of  these  Chickaloon  Glacier,  at  the 
head  of  the  stream  of  that  name,  is  the  largest,  having  a  length  of  9 
miles  and  a  width  of  2,000  feet  at  its  terminal  end.  In  general, 
however,  the  ice  streams  do  not  descend  far  from  the  irregular  neve 
fields  occupying  the  higher  recessch^  of  the  range.  Several  such  masses 
lie  on  the  Talkeetna  side  of  the  Chickaloon-Talkcetna  divide  and 
discharge  their  waters  into  that  stream. 
13070— Bull.  327—07 3 
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Evidence  is  plentiful  that  the  glaciers  are  rapidly  retreating. 
Lateral  1  mora  in ic  material  i>erehed  150  feet  above  the  sides  of  Chicka- 
loon  tilacier  indicates  a  recent  dwindling  in  the  size  of  that  glacier. 
Some  of  the  small  glaciers  no  longer  join  the  trunk  ice  stream,  but 
liuve  become  indq>endent  glaciers,  whose  troughs  are  elevated  alx>ve 
the  surface  of  the  main  glacier.  (See  PL  IV,  /?,  p,  42.)  After  the 
rt^eession  of  the  ice  a  gi'owth  of  moss  encroaches  on  the  canjou  walls 
which  confine  the  glaciers.  WHicre  recent  retreat  has  taken  place  a 
considerable  inter%'al  of  bare  wall  intervenes  between  the  present  posi- 
tion of  the  glacier  and  its  former  position,  as  indicated  by  the  moss- 
grown  profiles  un  the  rock  walls» 

In  addition  to  the  glaciers  at  the  head  of  Chickaloon  Creek,  a 
sniall  glacier  occurs  at  the  head  of  Kings  Ci*eek  and  another  at  the 
head  of  Little  Snsitna  Eiven  Of  the  glaciers  on  the  south  side  of 
Matanuska  Valley,  Mendenhall  says:** 

Alonj^  tbe  iiitdd)43  courf^  at  tlie  river  ne\*er&]  ^luaU  1<?^  €it reams  are  to  be 
BiH^ii  at  lb**  Ijeadjs  nt  ibe  caayoti«  wlilHi  furrow  tlie  ?5uutliern  vnUey  wuU,  Lmt 
tUe  hirgesit  gltu-ler  of  the  valley  la  the  Miitutiuiikii  tJliicior  witU  n  frontage  of 
3  uiik'S  aloiJit;  the  rhc^r.  TLe  i/ourse  of  tbiw  stremii  vmi  be  trm^ed  from  tbe  top 
of  <nucler  Point  for  25  or  30  mites  to  tbe  soutbeiifit.  Its  source  bere  l^  probably 
111  tbe  ij^v^  wblfb  follows  tbe  crest  of  tbe  Cbu^ch  UMiig^e  to  tUe  ejist,  Hud  jjlves 
ris<*  to  tbe  various  ghiolera  wbk'h  itow^  down  to  Prince  WlllUmi  Sound  on  tbe 
tbe  Boutli  and  to  tbe  Tasllna  and  Klutlna  rlverf^  oa  the  nortb,  WbUe  Ita 
east  front  in  burled  under  moraine  wblcb  supports  a  eonsiderable  spruce  forest^ 
ibf  wost  front  \^  ticar  of  df'brls  to  tbe  ed^v.  A  well  imirkt>d  rutHlIni  moraine 
divide*?  tbe  main  stream  Into  two  part&i.  representing  lu;uis'b(*s  wbieU  unite 
near  the  source.  Local  conditions  of  precipitation  controlling  the  rate  of 
flow  of  these  tributaries  seem  to  be  slightly  different,  so*  that  tbe  western  branch 
is  somewhat  more  actjive  than  the  eastern  one. 

Within  10  miles  of  its  source  the  Matanusiia  River  receives  the  waters  from 
another  glacier,  smaller  than  that  just  described  and  more  actively  retreating. 
Its  front  has  now  receded  several  miles  from  the  river  and  the  draining  stream 
flows  through  a  gravel-filled  valley  with  a  very  high  gradient. 

At  the  head  of  Knik  River  lies  the  Knik  Glacier,  whose  width  is 
23  miles.  It  is  not  much  smaller  than  the  Matanuska  Glacier. 
Knik  Glacier  forks  a  few  miles  back  from  its  terminal  end,  one  fork  . 
extending  eastward  about  20  or  25  miles,  probably  to  the  same  ice 
field  that  is  drained  by  the  Matanuska  Glacier,  Ihe  other  fork  ex- 
tending southwestward.  The  latter  fork  again  divides.  In  its  west- 
ern prong  is  a  large  lake  5  miles  long  and  IJ  miles  wide,  whose 
waters  are  apparently  impounded  by  the  extension  of  the  lateral 
moraine  of  the  eastern  prong  across  the  mouth  of  the  trough  of  the 
western  prong.  Bergs  were  seen  floating  in  the  lake.  According 
to  local  report  the  breaking  of  this  morainal  dam  was  the  cause  of  the 
disastrous  flood   which  swept  down    Knik    River  some  years  ai^o. 
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The  front  of  Knik  Glacier  rests  upon  a  gravel  plain  covered  with 
irell-rounded  stream  wash.  Irregular  heaps  and  ridges  of  this  gravel 
12  feet  high  lie  in  front  of  the  glacier  for  400  feet.  Pits  and  kettle 
holes  C  to  8  feet  deep  are  common.  On  the  western  side  of  tlie  glacier 
an  accumulation  of  large  angular  blocks  of  graywacke  and  slate,  con- 
stituting the  dump  of  the  superglacial  material,  forms  a  narrow 
peripheral  moraine  nearly  a  mile  long.  In  profile  as  exposed  on  its 
extreme  western  edge  the  glacier  can  be  seen  resting  upon  bod  rock, 
which  here  begins  to  rise  rather  steeply  from  under  the  gravel  cover- 
ing of  Knik  Valley.  The  recent  history  of  the  Knik  (ilacier,  as  inter- 
preted from  the  above  features,  shows  a  recession  from  a  temporary 
advance  over  the  gravel  deposit  of  the  valley. 

PA8T   (iLACIATION. 

The  existing  glaciers  are  the  shrunken  remnants  of  a  system  of  ice 
>1reams  which  had  a  vastly  greater  extent  in  the  recent  past.  At  the 
lime  of  its  maximum  expansion  this  mighty  system  included  the 
enormous  piedmont  glacier  **  of  the  Copper  River  basin,  and  the  trunk 
glaciers  occupying  Matanuska,  Knik,  and  Susitna  valleys,  which 
were  probably  confluent  at  the  head  of  Cook  Inlet. 

During  the  occupancy  of  the  lowlands  by  these  great  ice  streams, 
the  Talkeetna  Mountains  were  subjected  to  severe  alpine  glaciation, 
to  which  the  ruggedness  of  the  present  topography  is  largely  due. 
(See  PL  IV,  C,  p.  42.)     In  higher  portions  of  the  range  the  glacial 
erosion  has  often  proceeded  to  its  most  destructive  lengths.    Knife- 
edged  divides  are  numerous  throughout  the  region,  and  instances 
of  the  obliteration  of  divides  and  the  coalescence  of  opposing  cirques 
are  frequent.     All  the  existing  glaciers  occupy  the  heads  of  U-shaped 
troughs.    The  finest  example  of  such  troughs  is  that  along  the  upper 
course  of  Talkeetna  River,  whicli  is  perfectly  straight  for  18  miles. 

The  former  presence  of  a  great  glacier  once  filling  Matanuska  Val- 
ley is  indicated  by  abundant  evidence.  At  the  head  of  the  valley 
the  morainal  ridges  of  the  Copper  River  basin  curve  round  into 
Matanuska  Valley.  An  isolated  hill  about  500  feet  high,  projecting 
above  the  lake-covered  flat  at  the  head  of  the  valley,  shows  an  abrupt 
stoss  side  toward  the  Copper  River  basin,  and  a  long,  smooth  lee  slope 
toward  Matanuska  Valley.  Along  the  upper  course  of  the  valley 
on  the  flank  of  Sheep  Mountain  glacial  gravels  of  various  exotic 
types  are  found  at  an  elevation  1,500  feet  above  the  valley  fl(K)r. 
These  facts  indicate»that  the  ice  of  the  southwestern  portion  of  the 
Copper  River  basin  drained  into  Matanuska  Valley  in  a  stream  not 
less  than  1,500  feet  thick.     Passing  farther  westward  we  find  that 


•Mendenball,  W.  C,  Geology  of  the  central  Copper  River  region,  Alaska;  I'rof.  Taper 
U.  &  G«ol.  Sunrej  No.  41,  1005,  p.  72. 
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the  summit  of  the  irruptive  boss  on  the  west  side  of  Kings  Creek 

i;^  smoothed  and  glacially  scored ;  and  that  between  Eska  and  Granite 
creeks  on  the  flanks  of  the  valley  n  heavy  lateral  moraine,  consisting 
of  large  angular  bowlders  of  various  granitic  rocks,  rests  2,400  feet 
above  the  river.  Near  tide  water  the  buttes  in  the  middle  of  the 
giavel  plain  of  Matannska  Valley  are  striated  and  strongly  Huted  on 
their  summit,  700  feet  high. 

This  evidence  is  supplemented  by  that  furnished  by  the  physiog- 
raphy.    A  marked  feature  of  Matanuska  Valley,  as  seen  from  Knik 
Arnu  is  the  apiK^arance  of  triangular  faceting  cut  on  the  left  wall 
of  the  valley.     This  feature  is  due  to  the  truncation  of  the  projecting! 
ridges  Ijetween  the  sti-eams  tributary  to  the  main  valley,  wheii^by  the" 
spurs  have  been  replaced  by  steeply  sloping  planes  with  triangular 
outlines.    This  feature,  it  may  be  mentioned,  has  been  developed  in_ 
almost  geometric  perfection  in  the  region  of  Turnagain  Arm  on  KenaS 
Peninsula,  but  nowhere  on  the  same  large  scale  as  in  lower  Mataiiuska^ 
Valley. 

The  evidence  is  equally  strong  that  Knik  Valley  Was  formerly  oecu«: 
pied  by  a  large  ice  stream.  Along  its  middle  course  glaciated  sun* 
faces  are  found  1,500  feet  al>ov^e  the  gravel  Hoor  of  the  valley*  .^^^ 
minimum  estimate  is  thus  fixed  for  the  thickness  of  the  glacier. 

On  the  Susitna  side  of  the  Talkeetna  Mountains  evidence  of  gla^  ^ 
ciul  action  even  more  pronounced  than  that  on  tlie  eastern  .side 
vi^^ihle  on  every  hand.     The  inountaiTis  are  bordered  In*  a  mnn*  » 
less  irregular  bench  several  miles  wide,  approximating  2,500  fi 
in  elevation.     Its  surface  is  noticeably  glaciated,  rounded  hillocl 
smoothed  outcrops,  glacial  debris,  and   numerous  undrained  lal^sJ 
characterize  its  topography.     Streams  entering  the  Susitna  pass 
the  mountain  borders  through  beautiful  glacial   U-shaped  valle^j= 
their  smaller  tributaries  entering  these  valleys  through  sharply  mir 
cised,  vertical-walled  canyons,  an  evidence  of  recent  cutting.     T 
rise  from  this  broad  bench  to  the  mountains  eastward,  when  co  ^31 
pared  with  the  gentle  slope  of  the  bench  to  the  Susitna,  is  steep. 

It  is  probable  that  an  ice  sheet  that  occupied  the  entire  Susit::Ka 
Valley  and  was  fed  from  the  surrounding  mountains  once  mov^erf 
southward  to  Cook  Inlet.     The  tributaries  from  the  Talkeetna  Moun- 
tains to  Susitna  River  all  present  clear  evidence  of  having  been  occu- 
pied by  ice  streams.     Glacial  U-shaped  valleys  and  erratics  occupy- 
ing positions  no  longer  within  the  reach  of  ice  movements  are  traces 
of  the  mantle  that  covered  much  at  least  of  the  present  drainage 
system. 

It  is  probable  that  after  the  recession  of  the  huge  ice  mass  occu- 
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citl  U-shapes  on  the  western  slope  of  the  Talkeetna  Mountains  are 
considerably  lower  than  the  broad  ice-sculptured  bench  2,500  feet 
high. 

PHYSIOGRAPHIC  DEVELOPMENT. 

The  region  under  discussion  falls  naturally  into  three  physio- 
graphic provinces:  Matanuska  Valley,  Talkeetna  Mountains,  and 
Copper  River  basin. 

MATANUSKA    VALLEY. 

According  to  Mendenhall,  Matanuska  Valley  is  j^robably  due  to 
pimple  erosion  somewhat  modified  by  ice  action.**  In  a  subsequent 
report  he  has  suggested  that  the  southern  edge  of  the  Copper  River 
bism  is  probably  a  fault  or  a  sharp  flexure.^  The  westward  pro- 
longation of  this  fault  would  coincide  with  the  southern  wall  of 
Matanuska  Valley.  Martin  ^  remarks  that  the  Matanuska  Valley 
suggests  a  "  graben  "  or  sunken  area  within  parallel  faults,  but  notes 
that  this  appearance  may  be  due  to  the  more  resistant  character  of 
the  rocks  bounding  the  valley.  The  exact  mode  of  origin  of  Mata- 
nuska Valley  can  not  yet  be  regarded  as  established.  It  is  beyond 
^luestion  true,  however,  that  if  of  tectonic  origin  the  valley  has 
^bsequently  been  largely  modified  by  stream  erosion.  In  proof  of 
this  is  the  fact  that  it  possesses  the  form  of  a  normal  stream-wrought 
^ey,  narrow  in  its  upper  course  and  broad  in  its  lower.  From  a 
"^dth  of  1  mile  at  the  Copper  River  basin  Matanuska  Valley  widens 
to  20  miles  near  Cook  Inlet.  Knik  Arm  appears  to  represent  a 
^slight  drowning  of  lower  Matanuska  Valley,  from  which  the  region 
is  at  present  recovering. 

There  is  some  evidence  available  that  recent  movement  has  taken 

jlace  along  the  northern  side  of  the  valley.     Along  its  upper  course 

Sheep  Mountain  presents  a  steep,  rugged   front   facing  the  river. 

At  the  base  of  the  ridge  the  strata  are  shattered  and  an  extensive 

^imiption  of  the  injected  dikes  has  taken  place.     Extensive  alluvial 

kreccia  cones  spread  out  into  the  valley  for  a  mile  or  more  from  the 

■nouths  of  the  ravines.     The  steep  slope  of  these  cones  (0°  to  10°) 

^nd  their  symmetrical  development  make  them  noteworthy  features 

<^f  the  topography.     The  formation  of  such  detrital  cones  is  held 

V  workers  in  the  Western  States  to  be  due  to  a  sudden  break  in  the 

^ream  profile  at  the  point  of  deposition,  usually  by  recent  faulting, 

^ther  than  to  arid  conditions,  which  was  first  invoked   in   their 

explanation. 

The  present  Matanuska  River  occupies  a  wide  trench  sunk  into  an 
older,  broader  valley  averaging  5  miles  or  more   in  width.     Tlie 

•Op.  dt,  p.  239. 

'Mfodenball,  W.  C,  Geology  of  the  central  Copper  River  region,  Alaska  :    Prof.  Paper 
^'  8.  (>ol.  Sarvey  No.  41,  1905.  p.  87. 
'Op.  dt,  p.  17. 
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trenching  of  the  ohl  valley  appears  to  have  begun  in  pirglacial  time, 
but   was  interrupted   by  the  glacial  advance*    The  ice  occupancy 
effected  some  erufiion,  notably  on  the  south  ^ide  nf  Knik  Arni^  but 
left  pronounced  irregularities  of  relief  in  the  floor  of  the  valley^J 
such  as  Glacier  Point  and  the  bed-rock  bosse^^  at  the  mouth  of  the     . 
Matanuska.     On  the  reces^sion  of  the  ict*  a  heavy  mantle  of  gravel 
was  laid  down.     A  succession  of  slight  uplifts  followed,  as  expressed 
in  the  finelv  terraced  character  of  the  affluents  of  the  Matanitska,     1 
and  the  streams  began  to  i^move  the  gravels  from  their  channels  and ji 
to  deepen  their  trenches.    The  excavation  of  the  gravels  has  beei^| 
incomplete  along  the   Matanu^ka,   where   long  stretches  of  stream 
bluffs  consist  of  gravel  banks.     These  features  suggest  that  either  the 
preglacial  drainage  had  begun  to  swing  in  its  course  or  that  glacial 
erosion  has  modified  the  valley  floor,  and  that  the  irregular  bed-rock 
relief  thus  produced  has  been  obliterated  by  the  gravel  deposits  sub- 
^quently  laid  down.     The  forme f  supposition  is  regarded  as  the  more 
probable,  and  the  great  Ix^nd  of  the  Matanuska  appears  to  Ije   an 
incii^ed  meander  inherited  from  the  prt* glacial  drainage*    The  present 
(overloaded  condition  of  the  Matanuska  is  due  to  the  vigorous  trench 
Ing  of  the  deep  glacial  gravels  at  its  headwaters* 
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The  internal  structure  of  the  Taikeetna  Mountains  f^ggests  that 
th(\v  bploii^  to  ii  province  geologically  distinct  from  that  of  the 
Chugach  Mountains.  'The  latter,  as  shown  by  Schrader,  Spencer,  and 
others,  represent  a  belt  of  intense  crustal  shortening.  In  the  Tal- 
keetna  Mountains,  however,  the  strata  are  comparatively  undis- 
turbed. The  younger  rocks  especially  have  been  but  gently  affected 
by  orogenic  movements.  The  faulting  is  normal,  implying  a  stretch- 
ing of  the  earth's  crust. 

The  early  Tertiary  history  of  the  Talkeetna  area  has  already  been 
sketched.  It  was  shown  that,  coeval  with  the  deposition  of  the 
Kenai,  a  peneplain  of  considerable  perfection  was  developed  over  the 
region  of  the  Talkeetna  Mountains.  The  older  age  limit  of  this 
planation  is  fixed  by  the  fact  that  the  surface  is  in  part  cut  across  a 
Lower  Cretaceous  limestone.  The  later  limit  is  determined  by  the 
fact  that  the  fluviatile  conglomerates,  resting  upon  the  peneplain, 
appear  to  represent  the  similar  conglomerates  occurring  at  the  top  of 
Kenai  or  in  the  Matanuska  basin.  According  to  this  view  the  con- 
glomerates at  the  top  of  the  Kenai  represent  the  period  at  the  close 
of  lacustrine  conditions,  and  the  conglomerates  in  the  Talkeetna  area 
are  the  fluviatile  accumulations  of  the  rivers  which  transported  the 


PHTS106ItAPHlC  DEVELOPMENT.  89 

mass  doubtless  stood  at  a  lower  level  relative  to  the  sea.  Some  time 
after  the  flooding  of  the  region  with  basaltic  lavas,  a  domal  uplift 
of  the  area  was  inaugurated,  probably  accompanied  by  faulting  along 
the  north  side  of  Matanuska  Valley.  North  of  Talkeetna  River  the 
old  surface,  buried  beneath  the  basalts,  can  be  seen  dipping  gently 
northward.  Eastward,  from  an  altitude  of  about  5,200  feet,  it 
appears  to  merge  gradually  into  the  flats  of  the  Copper  River  basin 
at  8,000  feet.  This  arching  demanded  a  stretching  of  the  earth's 
crust,  and  as  a  result  the  numerous  small  dislocations  of  tlie  basement 
upK>n  which  the  volcanics  rest  were  produced.  The  domal  character 
of  the  uplift  is  expre&sed  in  the  general  radial  drainage,  the  main 
streams  flowing  from  the  center  of  the  region.  The  shortness  of  the 
streams  tributary  to  the  Matanuska,  in  comparison  with  those  flow- 
ing to  the  Susitna,  appears  to  indicate  an  obsequent  origin  for  this 
portion  of  the  drainage. 

Along  the   western  flank  of  the  Talkeetna  Mountains  a  broad 
bench  several  miles  wide  parallels  Susitna  River  at  an  altitude  of 
about  2,500  feet.    The  surface  of  this  bench  has  been  considerably 
modified  by  glacial  erosion,  and  a  mammillated  topograj)hy  has  been 
impressed  upon  it  but  does  not  obscure  its  terrace  character.    Tribu- 
taries of  the  Susitna  have  cut  normal  stream  valleys  across  it,  many 
displaying  marked   evidence  of   a   position   at   base-level   in   their 
recent  history  by  the  intricate  and  beautiful  systems  of  oxbows  de- 
veloped at  an  elevation  of  about  500  feet.     Below  these  stretches 
of  oxbows  the  streams  enter  sharply  incised  canyons,  whose  small 
amount  of  recession  indicates  the  comparative  recency  of  the  latest 
uplift  of  the  region.     It  appears  i)robable  that   the  stage  of  the 
oxbows  represents  a  halt  in  the  greater  uplift  which  has  given  the 
broad  bench  its  present  elevated  position. 

COPPER  RIVER  BASIN. 

The  Copper  River  basin  has  been  discussed  in  some  detail  by 
Mendenhall,  who  advanced  the  hypothesis,  as  one  most  consistent 
with  the  facts,  that  it  is  of  tectonic  origin,  representing  a  depressed 
area  between  the  Alaska  Range  on  the  north  and  the  Chugach  Range 
on  the  south.**  The  relation  of  the  Talkeetna  Mountains  to  the  basin 
was  not  discussed.  Certain  facts  in  the  region  under  consideration 
appear  to  favor  MendenhalFs  hypothesis. 

On  the  western  edge  of  the  basin,  near  the  head  of  Matanuska 
River,  the  hills  rise  abruptly  from  the  plateau.  Their  summits  form 
a  gently  rolling  surface  at  an  average  altitude  of  5,000  feet  and 
evidently  constitute  a  remnant  of  the  ancient  peneplain  upon  which, 

•  Prof.  Paper  U.  S.  Geol.  Survey  No.  41,  1905,  p.  88. 
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farther  west,  at  an  altitude  of  5,200  feet,  were  found  the  rit^er  chan- 
nels Viried  beneath  lava.  Theses  features  i^trongly  sugg^^t  faulting 
along  the  base  of  the  hills,  the  old  plain  being  broken  off  along  this 
line  and  its  eastward  extension  buried  beneath  the  glacial  df^bris  of 
the  Copper  River  basin.  Farther  northwesst,  however,  the  Talkeetna 
Mountains  gradually  merge  into  the  lowlands  of  the  Copper  River 
basin — a  fact  indicating,  perhaps,  that  faulting  gives  way  in  this 
direction  to  warping  of  the  cruat. 

MtNERAIi  RESOTmCES, 

COAL. 

AREAL  DISTRIBUTION. 

Coal  outcrops  have  been  examined  on  Tsadaka,  Eska,  Kings  ana 
its  tributaries,  Chiekaloon,  Coal,  Hicks,  and  Billy  creeks,  and  the 
north  fork  of  Nelchina  River;  along  the  southern  flank  of  Anthracite 
Ridge;  and  in  the  banks  of  Matanuska  River,  about  3  miles  above 
the  mouth  of  Chickaloon  Creek.  In  addition,  coal  float  lias  Iveen 
found  close  to  its  source  on  Glacier  Creek,  and  as  far  north  as  the 
south  fork  of  the  Tyonek*  Coal  has  ali>o  been  reported  from  Little 
Susitna  River,  Willow  Creek,  the  Kashwitna,  and  the  Chunilna, 
and  from  a  creek  on  the  south  side  of  the  Matanuska,  9  miles  ab<ive 
Coal  Creek, 

The  field  work  of  1906  extended  the  known  area  of  Tertiary  coal- 
bearing  rockts  apinoximately  l^  miles  up  (^hiekaloon  Creek,  though 
no  outcrops  of  coal  were  observed.  The  discovery  of  an  area  of 
Mesozoic  rocks  in  Matanuska  Valley  extends  the  field  also  in  that 
direction,  as  is  indicated  on  the  map,  though  all  the  coal  that  outcrops 
north  of  Anthracite  Ridge  between  Hicks  and  Boulder  creeks  is 
lignitic. 

So  far  as  known  the  Tertiary  coal-bearing  rocks  in  the  Mata- 
nuska cover  an  area  of  about  380  square  miles.  The  known  coal- 
bearing  rocks  of  Mesozoic  age  in  the  upper  Matanuska  basin  cover 
approximately  500  square  miles.  The  areal  extent  of  the  divisions  is 
shown  on  the  map  (PL  II,  pocket),  and  the  character  of  the  beds  has 
been  described  on  page  25.  The  mapping  of  the  coal-bearing  rocks 
must  in  no  sense  be  taken  to  mean  that  areas  so  mapped  are  underlain 
by  workable  coal.  So  far  as  known  the  actual  area  underlain  by  coal 
from  Moose  Creek  to  Hicks  Creek,  inclusive,  approximates  70  square 
miles.  Localities  where  coal  of  commercial  importance  has  been 
observed  will  be  described. 

The  area  of  coal-bearing  rocks  can  be  subdivided  from  an  economic 
standpoint  into  three  fields: 
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series  of  Tertiary  strata  containing   bituminous  coals    of    various 
grades. 

(2)  The  Anthracite  Ridge  field,  forming  a  S 
limited  area  along  the  southern  flank  of  the  ^ 
Talkeetna  Mountains  between  Boulder  and  I 
Hicks  creeks.  The  coal  her^  is  an  anthracite,  | 
the  age  of  which  has  not  yet  been  determined  g 
with  certainty.  » 

(3)  The  northeastern  field,  comprising  the  i 
area  drained  by  the  headwaters  of  Matanuska  ^ 
River  and  the  adjacent  areas  in  the  Copper  | 
and  Susitna  drainages.  The  coal,  which  is  of  |* 
Jurassic  age,  is  generally  lignitic,  but  locally  » 
is  semianthracitic.  S 


MATANUSKA  FIELD. 


EXTENT. 


The  area  of  Tertiary  coal-bearing  rocks 
found  in  the  Matanuska  basin  is  approximately 
380  square  miles,  of  which  70  square  miles  are 
actually  underlain  by  coal,  according  to  a  most 
conservative  estimate. 

STRUCTURE. 
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The  coal-bearing  rocks  have  a  strike  in  gen- 
eral parallel  to  the  easterly  trend  of  Matanuska 
Valley.  The  dips  are  variable,  with  a  ten- 
dency toward  steep  angles.  East  of  Tsadaka 
Creek,  where  the  gorge  of  Matanuska  River 
exposes  a  voluminous  succession  of  sandstones 
and  shales,  the  strata  stand  on  edge.  The  fold- 
ing is  open,  although  locally,  as  in  the  anticline 
on  Chickaloon  Creek,  the  deformation  may  be 
quite  sharp.  The  strata  are  affected  by  a  large 
number  of  faults  of  small  throw.  One  exten- 
sive fault  involving  a  probable  displacement 
of  several  thousand  feet  is  indicated,  mainly  on 
physiographic  evidence.  The  range  of  hills 
rising  within  Matanuska  Valley  and  extending 
in  an  east- west  direction  from  Kings  to  Tsadaka 
Creek  represents  an  upheaved  fault  block.  Be- 
tween Tsadaka  and  Eska  creeks  this  range  con- 
sists of  a  great  mass  of  conglomerate,  1,000  feet 
thick,  with  a  gentle  dip  slope  toward  Mata- 
nuska River  and  a  steep  scarp  toward  the  north  (see  fig.  1 ) .    During  the 
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Uplifting  i>f  IhiMblcK'k,  diiferential  movement  has  taken  pla<^  within 
it,  producing  a  series  of  nearly  parallel  fault.s,  and  the  Houthorn  slope 
of  the  range  de.soen,ds  to  the  ]evi4  of  the  valley  by  a  siieeeH.siou  of 
stepHke  scarps.  On  the  verj-  brink  of  the  northward-facing  scarp 
of  tlie  range  the  difTerential  movement  lias  produced  ^mall  fault 
troughs,  within  which  lie  J^mall  inclosed  lakelets*  (See  PL  IV,  A,) 
Thesi-  features  are  shown  with  gi-eat  clearness  on  the  topographic 
map.  The  recognition  of  this  fault  is  of  some  econoDiic  importance, 
in  that  it  indicates  the  limit  of  the  available  coal. 

IJESCRIFTION    OF    THE    COAL. 

The  bituminous  coal  field  of  lower  Matanuska  Valley  may  be 
divided  iutu  two  districts,  the  eas^tern  and  the  western,  lender  the 
first  may  be  included  the  coals  of  Kings;  and  Chiclcaloon  creeks  and 
those  on  both  side>?  of  Matannska  Kiver  in  the  vicinity  of  Chi cka loon 
Creek;  under  the  second,  the  coals  of  Tsadaka  and  Eska  creeks. 


iCASTKEtN    tKJ^TAICT. 

Martin*"  reports  in  regard  to  the  eastern  district: 

The  coal  ill  tbln  nvea.  nil  poaatwises  ii!>out  tlie  same  pliysical  cUariicterifitica* 
aiul,  :i3  will  Iw  seen  hy  tUt^  iiuiilyses*,  the  viitJfltiaii  in  Hiemical  i^jiutKinilion  is 
Lot-  ^jfoat  mid  Kui)[>(>rtH  tliln  i^roupUig.  It  has  the  onUaHry  properties  of  most 
liiUiiiiitLdUs  rnal.  It  ts  si>ft  und  fragile,  luit  oftPii  wH Imut  uny  wHl-drftiieti 
planes  of  fracture.  It  burns  with  a  short  flame  and  a  smaU  amount  of  smoke 
and  iK)ssesses  distinct  coliing  properties.  The  seams  generally  contain  a  large 
amount  of  impurities,  l)oth  in  the  form  of  thick  partings  of  shale  and  as  thin 
hands  of  shale  and  bone.  Many  of  these  can  be  separated  in  mining.  The 
coal  is  soft  and  friable,  and  much  of  it  will  not  stand  severe  handling  witliout 
crushing.  Pyrite  is  present  both  as  balls  and  as  scales,  but  not  abundant.  The 
friable  character  of  the  coal  is  not  a  great  detriment  when  it  is  considered  that 
nmch  of  it  will  probably  have  to  be  crushed  and  washed  (especially  for  coke 
making),  and  that  the  coal  when  used  for  steam  or  heating  will  cake  as  soon 
as  put  in  the  furnace,  so  that  there  will  consequently  he  little  or  no  loss  through 
the  grates. 


«Op.  elt.,  p.  10. 


6 

6 

4 

6 

81 

!• 

6 

5 

8] 
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The  following  sections  were  obtained  by  Martin  on  the  south  side 
of  the  Matanuska  near  the  mouth  of  Chickaloon  Creek : 

Section  of  coal  beds  on  south  hank  of  Matanuska  River,  3  miles  above  the  mouth 

of  Chickaloon  Creek. 

Ft.    4n.  Ft.    in. 

Gray  shale 10 

Coal 6] 

Shale ll  7      7 

Coal« 7        J 

Gray  shale  with  ironstone  bandu 42 

Coal 6] 

Shale 1      6} 

Coal 5 

Gray  shale 

Coal 

Shale : 

Coal 

Shale 

Coal 5 

Soft  gray  shale 

Concealed  to  river. 

Strike  N.  36°  E.  (magnetic),  dip  44°  8E. 

Section  on  north  bank  of  Coal  Creek;  elevation,  J,  010  feet. 

Ft.    in.  Ft.    in. 

Soft  dark  shale 10 

Coal  6 2 

Parting. 

Coal& I      5 

Sandstone 2-H 

Coal* 1 

Soft  ehale 16-t- 

StrikeN.  64°  E.,  dip  70°  SE. 

Section  on  north  bank  of  Coal  Creek,  500  feet  upstream  from  section  given  above. 

Ft.    in.  Ft.    in. 

Introsive  sheet  and  coke 12 

Coke 5                  5 

Intrusive  sheet  with  coke 14 

Shale 10 

Coalc 6      3 

Shale 2 

CoaU ei        8     7 

Shale 11 

Coal 9 

Soft  shale  floor. 
Strike  and  dip  as  above. 

A  section  on  Coal  Creek,  one-half  mile  above  tlie  lower  coal,  shows 
coal  about  6  feet  thick,  with  a  strike  N.  G0°  E.  and  a  dip  of  5^°  NW. 

•  Included  in  samples  Nos.  7  and  8 ;  see  analyses,  p.  00. 

*  Included  in  samples  Nos.  9  and  10 ;  see  analyses,  pp.  CO,  02. 
« Included  in  samples  Nos.  11  and  12 ;  see  analyses,  p.  00. 


'mi]  wllh  H<mit>  wLiile  {see  betow) 


Crmdensed  scctfoti  of  couhbearinff  rovkn  on  Chickalwm  Cteek\ 

Shale  IV ^tb  many  thin  1ron-Dr^  lvauds^_._ . 180 

Vml  wHh  sauie  tioiie  lUiO.  »hale  (see  b#iaw)--^ ^^- ,,      5 

4 
4 
10 

H 

:i7 

^1 

11 

15 

100 

10 

II 


» 


8hale  and  isantli^tone  {Uorae),..^ ..,^ ^.^^ . . ,_ 

(*ortl  wkU  twjiiie  sbale  (see  below) .^-. , . 

Shale  aud  samlHttme .__,_,„, . . ._^ 

R  Coal.  im|iure  and  somewhat  coked-,-, *^__ ^„. 

i>.  ^hjile  jitid  *jnmlHlDne . 

10,  DlaJmse  Hill  with  IocmI  occurrence  of  natural  coke  on  top^^ *__ 

Ih  Coal  and  coke  with  Impurities  Jb  an  Irregular  distorted  mnsB 

12*  Cunceale^l  .^, , , ^^_^^^ ^^not  over. 

14,  Conl  with  some  s$hal« . ^* ..^_— ^_^^.^_^^, 

i:*.  Shale    , ., ^.^ ..^ .^... .. 

MX  Vot\\  with  some  Rbale ^_ --^ .^ . 1^^^^ -^, 

17.  8bale  and  t^nndfttinie-^ __^_^_^__ ,. .^^. ^„_ 

IK  Coal  with  bone  and  &hale__^ ^_,*.*.^.«.,-_,.__.,^__,^- 

m  jjibiiit* -. ^. ^^ 

m.         Coal  (Tftrtes  from  t  ft.  8  In.  to  3  ft.  7  In  J 

■it, 


„,.__.,.-., ..-"in 

...__-___„._— nil 

^^_^  ^ ^^_    2 

inhale  with  H4ime  ^aud^tone,  ln>n  or^,  nml  volcanic  l>eds,  iiDd  n  few 
thin  betbs  of  uaal  and  uoke . ^ ^  l**t> 


Ft. 

1 


ffficJiijrt  ^^  lifmd  of  Chif'ktjiotin  Creek,  om-half  mite  tthove  WaU(m*M  iHfmp^9hn 
hiff  tivffiih  tif  hnJ.v    >  it*  tt  hi  t*fiin!f-tinf'it  fttrfkttt. 

Ft.    in. 
Black  shale 

Coal 7 

Coal,  bony 

Shale  -...'. 

Coal 

Shale,  black 1 

Coal 2 

Concealed 

Shale 

Coal : 

Shale 

Coal 

Shale 

Coal 2 

Shale  and  sandj^tone  (horse) 

Coal,,,,. - ..,„ 

Shale,  with  eoal  stringer;?  . 

Coal. 

Exhale. 

CoaL 

8httle, 
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In  addition  to  the  sections  measured  by  Martin  on  Chickaloon 
Creek  the  following  measurements  were  made  in  the  tunnels  opened 
at  Watson's  camp  (fig.  2). 

The  sections  are  from  the  face  outward ;  the  thicknesses  are  recalcu- 
lated for  dip.  The  change  in  direction  of  dip  which  is  evident 
between  tunnel  D  and  those  farther  east  (C,  3,  2;  B,  and  A)  may 
possibly  be  explained  by  the  presence  of  an  anticlinal  axis  that  passes 
westward  from  the  anticlinal  fold  at  tunnel  No.  1,  or  possibly  by 
irregularities  in  beds  representing  the  south  side  of  such  an  anticline. 

It  has  been  difScult  to  correlate  the  several  beds  within  these  tun- 
nels because  of  striking  irregularities  in  their  thickness.  The  bed  16 
feet  7  inches  thick  in  tunnel  A  is  undoubtedly  the  same  as  the  bed 
17  feet  3  inches  thick  in  tunnel  B. 


SONORA 


SANTA      ROSA 


'*»'PIg.  2. — Sketch  showing  location  of  Chickaloon  tunnels. 

A  drift  .£rom  tunnel  B  has  been  run  to  tunnel  2,  which  correlates 
'^^  outermost  seams  of  tunnel  B  with  those  at  the  face  in  tunnel  2. 
.  The  apparent  lack  of  continuity  in  a  number  of  the  smaller  seams 
^^  these  tunnels  may  be  explained  either  by  local  pinching  out  or 
^5^  faults  of  small  throw.  The  rocks  in  the  near  vicinity  are  closely 
5^1ded,  and  faulting,  with  the  added  diflBiculties  of  mining  which  it 
^^curs,  should  be  expected. 


Section  in  tunnel  .4,  Chickaloon  Creek. 


Coal 

Bone  and  coal 

Coal 

Shale 

Coal : 

Bone  and  shale 

Coal 

®^e 12 

S,,   ^^ ^ 

*^e  and  sandstone 77 

-StjikeN.  70«W.,dip66^ 


Ft.    in. 
1       21 
9 

14      8 

12 

8 
5 
8 


Ft.    in. 


16      7 


1      9 


Sandstone 

Bhs^y  coal 
Sandstone  *'^ 

Boti  y  coal 
BandBtone 

Coal^  with  streaks  of  bone 
Bandt^toim 

Coal 
Sandstone 

Ori]0t<ed  ehsAy  coal 

Coal 

Bone 
Shale 

dml 

Bone 

Coal 
Sh wired  Bhale 

Coal 

Bone 
Sandstone  and  shale 
Strike  N.  75°  W.,  dip  76°  S 


Section  in  tunnel  No,  2,  Chickaloon  Creek. 


Coal 

Bone 

Coal 

Bony  coal . . 

Coaf 

Bony  coal 

Shale 

Coal  and  bone  mixed  . 

Coal 

Bone 

Coal 

Shale 

Coal  and  bone 

Coal 

Shale  and  sandstone 


Ft. 

in. 

9] 

5 

3 

6 

10 

8 

8 

1 

6 

1 

1 

7 

6 

1 

ej 

18 

3 

t 

4 

30 

Ft.    in. 


12     U 
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Section  in  tunnel  No,  3,  Chickaloon  Creek, 


Coal.. 
Bone . 
Coal.. 
Shale. 
Coal.. 

Shale 

Coal.. 


Bony  coal  .* 2 

Coal 

Bindstone  and  shale 45 

Coal «..       2 

Bone 

Coal 1 

Shale 

Coal 

Sandstone  and  shale .- 20 


Ft. 

in. 

2 

2] 

5 

1 

1 

2 

2 

2 

16 

1 

10] 

2 

5 

1 

11 

47 


Ft.    in. 


7     10 


Section  in  tunnel  C,  Chickaloon  Creek, 

Coal 2       ^ 

Shaleandcoal 2        /        ^ 

Sandstone  and  shale 41 

Section  in  tunnel  D,  Chickaloon  Creek, 

Ft  In. 

Crushed  coal 2  6 

Sandstone  and  stiale 40  7 

Crushed  coal '  2  G 

Sandstone  and  shale 11 

Dip  46*  N. 


Section  in  tunnel  E,  Chickaloon  Creek. 


Coal. 


Coal 

Bone 

Coal... 

Crashed  shale  and  coal  . 

Coal 

Sandstone  and  shale 


Ft.     in. 

1       5 

6 

1  10 
11 

2  7 
2     10 

10. 
18 


Ft.    in. 


10     11 


On  Kings  Creek,  7^  miles  above  its  junction  with  the  Matanuska, 
coal  seams  are  cut  by  the  creek.  They  were  measured  on  both  sides 
by  Martin  and  the  writers. 


8rctio»  nii   KiutfM  Crrvk  at  fltr  ttjiprr  hridge,  went  sidi\ 

Ft.    in.  Ft 

Bone  and  coal 71 

Clean  coal 1       7/ 

Shale 4      6 

Concealed  short  distance. 

Crushed  coal  with  lenses  of  bone 5      7 

Shale '. 1       7 

Sandy  shale 4 

Coal 2     10 

Bone 4 

Coal 2     10 

Coal  and  bone .'  S\        10 

Coal 11 

Bone i 

Coal 2      5 

Strike  N.  42°  W.  (magnetic),  dip  42°  NE. 

Except  the  upper  2  feet  2  inches  of  coal,  the  section  corresponds  1 
that  of  Martin. 

A  short  distance  upstream  from  the  exposure  on  the  east  side  tl 
sandstone  beds  are  considerably  disturbed.  P'olding  or  faulting,  < 
IDOssibly  both,  have  occurred. 
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Mar- 


The  writers  were  not  able  to  visit  the  coal  on  Young  Creek. 
tin  says : 

The  coal  on  Young  Creek  is  of  intermediate  character  between  that  on  Kings 
and  Chickaloon  creeks  and  south  of  the  Matanuska  and  that  in  the  west  end  of 
the  field  on  Eska  and  Tsadaka  creeks.  It  is  reix)rted  that  one  or  more  seams  of 
workable  thickness  have  been  found,  but  the  following  is  all  that  was  seen  by 
the  writer : 


Section  on  icest  hank  of  Youny  Creek;  elevation,  l^oHo  feet. 


Ft. 

Shale 

Sandstone 

Shale 

Sandstone  -_ 

Shale 

Coal«  - 1 

Shale 

Coal  _-J 

Shale  with  sandstone  bands 

Sandstone 

Shale 

Strike  N.  15°  E.   (magnetic),  dip  20°  XW. 


in.       Ft.     in. 
10 
2 

4 

1 
4 

1 


15 

1 

10 


WESTF^N    DISTRICT. 

The  coal  of  what  has  been  termed  the  w^estern  district — that 
occurring  on  Tsadaka  and  Eska  creeks — is  a  bituminous  coal  of  low 
fr'aide.  Its  physical  properties  are  much  the  same  as  those  of  the 
^o^ls  farther  east.  Most  of  it  is  bright  and  hard,  though  dull,  shaly 
>^nds  are  numerous.  On  Eska  Creek  the  following  sections  were 
f^oasured : 


Section  on  irest  hank  of  Eska  Creek;  elevation,  87-1 

^^^^h  and  sandstone 

Coalfc 

Shale 

Coalfe 

Shale 

Coal,  bony 

Shale 

Coal,  bony 

Shale 

Coal  with  some  shale  and  bone 

SHitle 

Coaly  shale 

Strike  N.  30°  E.  (magnetic),  dip  44°  NW. 

•  Included  In  sample  No.  17  ;  see  analjsls,  p.  GO. 

*  Included  In  sample  No.  18 ;  see  analyses,  pp.  GO,  G2 

13070— Bull.  327—07 4 


feet. 

Ft.     in 

Ft. 
10 

in 

1        8 

1 

1       4 
1 

1 
1       8 

7 

8i 

i 

1        1 

1 

2       (> 

Btiti(Qn  in  bin  ft  on  wr^t  hmik  of  E»km  Vreek*  eievaiion,  l/fAO  feri, 

rx.   ill. 
BBiidBlon**, 

Coal 2 

CoaL :i 

8hate . 

Coal. 
Concretionary  shale  . 
Blai^k  shale  . 
Coaly  shale , 

Coal,  shaly 

Coal 

Shale  with  some  coal. 

Coal 

Shale. 

Coal 

Shale 

Coal 

Shale 2 

(^oal 1 

Shale 

Coal  1 

Shale 2 

Coa  I I 

Shale 

Strike  N.  40°  W.  (magnetic),  dip  40°  SW. 

A  fault  cuts  the  bluff  in  which  this  section  was  measured. 


12 


10 


Tl 


coal  was  measured  above  it.     Below^  it  the  strike  is  northeast  and  di 
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On  Tsadaka  Creek  a  section  near  the  upper  end  of  the  gorge  at  an 
elevation  of  700  feet  showed  the  following: 


Section  of  coal  near  upper  end  of  Tsadaka  Creek  gorge;  elevation,  100  feet, 

Ft.     ill. 


Ft.    in. 
1 

6 
2 


Fiflsile  black  shale 

Carbonaceous  shale 

Sandstone 

Coal 2^ 

Sandstone 1 

Brightcoal 2      4 

Shale 6 

Bright  coal 2 

Dull  coal 1      2 

Shale 4 

Dullcoal 1      6 

Shale /..  1 

Mttnve  sandstone 6 

Strike  N.  20**  W.  (magnetic),  dip  24**  NE. 

About  100  yards  below  the  upper  cabin  the  following  section  was 
exposed : 

Section  100  yards  below  upper  cabin,  Tsadaka  Creek, 


t. 

in. 

4 

2 

1 

1 

1 

6 

4 

5 

Ft. 


in. 


Coal 

Dirt 

Coal 

Dirt 1^    11 

Coal 

PlEUling 

Coal 

8hale  floor. 

The  seam  strikes  N.  80°  E.  and  dips  45°  N.  A  strike  fault  dip- 
ping 80*^  S.  can  be  seen  crossing  the  bed,  with  a  throw  of  about  5  feet. 
An  eighth  of  a  mile  downstream  from  this  exposure  a  sharp  syncline 
crosses  the  creek,  with  axis  striking  about  S.  70°  E.  and  pitching 
steeply  to  the  west. 

A  short  distance  farther  downstream  coal  beds  arc  exposed,  strik- 
ing N.  70*"  E.  and  dipping  G0°  N.  At  this  locality  the  following 
section  was  measured: 


Section  one-eighth  of  a  mile  below  upper  cabin,  Tsadaka  Creek. 

Shale  and  sandstone  roof :  Ft.  in.      Ft. 

Dirty  coal 7 

Shale 3  3 

Sandstone  nodules 1  1 

Bone  and  coal 1  3 

Bone 1 

Coal 3 


in. 

7 


5S  MATAKtJSKA   kth   TAI^M^WKa   BASINS,  ALASKA. 

n.    iu.       Ft       In. 

Botie  and  ahak ,,.,,,, , , .  3  3 

Coal __._,._,. _-. 1      31 

Bone---- ,.,,,--<. ,,--.-,. A       ^  ^ 

Ck«l  - - - aj  M 

Shab- - - 1  I  ~ 

Shale  and  Ban  dstone ..- :i      6       3         6 

Coal „„.._._-,.., .,-,. ,„,,.__ _._  S  H 

Shale .„..,..,. .,-,,.-- 1  I 

Shal e and  saml?fcone -*,,.. ^,,. --,.. -----  3      4        3  4 

CoaL., ,.,-.. ------ -- 8  8 

Shale  and  bone _  - , - I      6 

Shale --- - 2b±  26± 

Clear  Doal... ..,.,,,-,-,,,,<- -.  3      6        3 

Slide: 

CxMiU - ---- 8 

Up  Tsadaka  Creek  and  along  the  ridge  on  its  southern  side  f^and-^ 
stones  may  be  observed   dipping  southeast,  which    is  a  direction 

op|>osite  to  that  of  tin*  beds  just  described.  Still  fjirther  east  coii-J 
glomerate  beds  dip  to  the  southwest  These  congloniernte  beds  seen 
to  owe  their  elevated  position  to  a  series  of  block  fatdts  passing  in  a"' 
general  northeast  and  southwest  direction,  and  the  Tsadaka  Creek 
coal  is  probably  cut  off  to  the  east.  It  seems  pi"obable  that  E^ka^ 
Creek  coal  h  separated  by  these  faults  from  that  of  Tsadaka  Creek. 
It  will  be  noted  that  faulting  or  folding  is  present  at  nearly  all  the 
localities  iibove  described.  Such  conditions  will  make  the  cost  of 
mining  higher  than  it  would  be  if  the  beds  %vere  less  disturbed. 

ANTHRACITE  RIDGE  FIELD. 


GEOLOGY. 


The  most  promising  exposures  of  anthracite  examined  during  the 
season  were  seen  along  the  southern  flank  of  Anthracite  Ridge,  be- 
tween Boulder  and  Hicks  creeks.  The  geology  of  this  locality  is 
somewhat  complex.  The  western  extremity  of  the  ridge  is  formed 
by  a  large  mass  of  augite  dacite  and  brown  porphyry.  This  latter 
appears  to  be  intrusive  into  a  series  of  interstratified  sandstones  and 
shales  striking  N.  35°  E.  (magnetic)  and  dipping  vertically.  Asso- 
ciated with  them  is  a  large  accumulation  of  andesitic  amygdaloids 
and  pyroclastics,  of  somewhat  chloritized  aspect.  At  the  base  of  the 
ridge  along  the  trail,  however,  cross-bedded  gritty  sandstones,  ap- 
parently belonging  to  the  Kenai  formation,  are  exposed,  striking  N. 
75°  E.  and  dipping  15°  S.  Some  sills  of  coarse  ophitic  diabase, 
50  feet  and  more  in  thickness,  are  intercalated  between  them.  These 
observations  indicate  that  the  western  extremity  of  the  ridge  is 
marked  by  a  line  of  h 
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assumed  by  Martin  that  an  eastward  extension  of  this  fault  deter- 
mines the  boundary  between  the  Kenai  and  the  Mesozoic  rocks. 
Martin  obtained  a  few  fragmentary  fossils,  partly  from  the  summit 
and  partly  from  an  elevation  of  3,450  feet  on  the  southern  flank  of 
the  ridge.  These  indicated  a  horizon  as  low  as  the  Middle  Jurassic 
or  as  high  as  Upper  Cretaceous.  From  the  northern  flank  the  writer 
obtained  a  single  form,  concerning  which  Stanton  reports :  ^^Inocera- 
mus  cf.  lucifer  Eichwald.  This  species  occurs  in  tlie  lowest  part  of 
the  Enochkin  formation  (Middle  Jurassic)  at  Snug  Harbor/'  It  is 
thus  plain  from  the  faunal  and  lithologic  evidence  that  lower  Mid- 
dle Jurassic  rocks  are  present  on  Anthracite  Ridge,  especially  in  the 
western  end  as  approached  from  the  Boulder  Creek  side. 

Farther  east,  along  the  numerous  small  creeks  which  rise  on 
Anthracite  Ridge,  it  is  found  that  the  dip  of  the  strata,  which  is 
nearly  horizontal  in  the  floor  of  the  valley,  gradually  steepens  as  the 
flank  of  the  ridge  is  approached.  The  beds  become  folded  into  anti- 
clines and  synclines,  which  are  more  closely  crowded  together  toward 
the  summit  of  the  ridge.  Locally  the  limbs  of  the  anticlines  have 
been  doubled  together.  Thick  sills  of  coarsely  crystalline  diabase  are 
prevalent,  especially  along  the  middle  portion  of  the  ridge,  and  heavy 
dikes,  attaining  a  maximum  thickness  of  500  feet,  cut  across  the 
strata.  Their  energetic  contact  action  in  baking  the  adjoining  shales 
has  already  been  referred  to.  Moreover,  their  presence  seems  to  be 
favorable  to  the  anthracitic  character  of  the  coal.  On  a  creek  a  few 
miles  east  of  Purinton  Creek,  at  an  altitude  of  8,100  feet,  the  stream 
banks  show  a  50- foot  sill  of  diabase,  about  10  feet  stratigraphically 
above  a  coal  bed.  The  sandstone  between  the  coal  and  the  diabase, 
though  elsewhere  yellow,  is  black  with  material  coating  the  cement 
between  the  quartz  grains  and  in  some  places  even  invading  the  grains 
themselves.  This  suggests  an  impregnation  of  the  sandstone  during 
the  distillation  of  the  coal  by  the  heat  of  the  intrusive.  The  coal  of 
this  exposure  is  a  fine  lustrous  anthracite.  Higher  up  the  same  creek, 
near  the  summit  of  the  ridge,  a  number  of  coal  bods  of  bituminous 
diaracter  are  exposed.**  No  diabase  intrusivos  are  present  in  the  im- 
mediate vicinity,  but  folding  of  a  closely  appressed  character  has 
affected  the  strata. 

In  the  roof  of  an  anthracite  bed  exposed  in  a  creek  somewhat  west 
of  Purinton  Creek  a  few  fragments  of  netted-veined  leaves  were 
found.  Knowlton  reports  on  these  as  follows:  ''  (>  A.  K.  i244.  Mata- 
Quska  Valley.  Juglann  nu/ella?  TTeer,  no  margin  preserved.  Tt 
looks  like  a  Kenai  dicotyledon,  and  not  like  any  Cretaceous  s2)ecies 
known  to  me." 


•  Sec  analyslH  No.  1*2,  p.  (»2. 
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The  evidence  from  these  plant  remains  shows,  then^  that  at  lea 
this  portion  qT  the  anthracite  is  probabJy  of  Kenai  age,  and  that  l| 
does  not  occur  in  rocks  of  Middle  Jurassic  age,  which  are  known  froc 
tht?ir  marine  fauna  to  be  pre*ient  in  close  vicinity  and  possibly  to 
infoltled  to  some  extent  with  the  Kenai  rocks,  or  irregularly  fault 
against  them. 

From  a  consideration  of  the  structural  and  floral  evidencB  i| 
appears  to  the  writer  that  the  coal  of  this  field  is  chiefly  of  Kenai 
age,  and  that  it~s  anthnicitic  character  is  due  to  the  largv  amount  of 
heat  furnished  by  the  unusually  abundant  diabase  intrusions*  The 
Anthracite  Ridge  field  represents,  according  to  this  view,  a  portion 
of  the  Tertiary  C4>al-ljearing  area  which  has  been  more  highly  affected 
by  the  heat  of  eruptive  rocks*  The  amount  of  anthracite  appears 
to  be  limited,  and  will  not  warrant  an  t^xtensive  outlay  of  capital 
for  its  exploitation.  In  addition,  the  complex  folding  of  tlie  strata 
and  the  presence  of  massive  diabase  injections  will  seriously  increase 
the  difficulties  of  mining- 

DESCBlPnnN   OF  TTTE   COAL. 


Martin  has  descrilied  the  coal  as  follows : 

'rUl»  fOiil  lias  tilt*  (it'iUiiiii'y  pbyr^icaJ  (^liaractoriwtl*"**  of  luost  good  o«al  of  this 
kind.  It  la  lJt*avj%  firiii^  hard,  und  not  mut^b  frat*t«red  for  surf  a «  i^»al/aud  has 
n  hi  tell  Iust£*r,  P J  rite  wus  n(.>ticed.  The  seflms  are  not  nitieli  brokt*n  hy  i^mall 
partings  i»f  slialo  and  bono. 

Two  sections  were  measured  by  Martin:  One  at  an  elevation  of 
3,410  feet  on  the  south  bank  of  Purinton  Creek  showed  38  feet  of 
clean,  solid  coal,  both  roof  and  floor  being  concealed  (see  analysis 
No.  1,  pp.  GO,  G2,  which  represents  the  entire  thickness  as  measured). 
Martm  says : 

At  this  point  the  strilve  is  N.  40°  K.  (magnetic)  and  the  dip  is  10°  NW.,  or 
into  the  mountam.  The  roclvs  in  the  vicinity  are  chiefly  graywaclte  and  sand- 
stone and  show  considernhle  variation  of  strilve  and  dip.  A  short  distance 
downstream  is  a  good-sized  mass  of  diabase  occupying  the  axis  of  an  anticline, 
which  is  in  other  places  restricte<l  by  a  fault.  The  anthracite  is  probably  re- 
stricted to  a  zone  along  the  face  and  in  the  mountains  which  is  cut  off  from 
the  valley  plateau  by  a  fault  following  the  base  of  the  mountains.  Black  streaks 
that  are  i)robably  coal  c-ould  be  seen  high  up  on  the  face  of  the  mountain  and 
could  be  followed  by  the  eye  for  several  miles.     *     *     * 

About  a  mile  northeast  of  the  locality  above  described,  at  an  eleva- 
tion of  3,4G0  feet,  a  coal  section  gave  the  following  measurements: 


?( 
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Section  of  coal  on  slope  of  Talkcetna  Moimtains, 

Flaggy  sandstone.  Ft.      Ft. 

Coal  and  shale 3 

Coal 

Shale 4 

COBll 1  1 

Shale :5 

Coal 2  2 

Shale 2 

Coal 7  7 

Strike  N.  00**  E.  (magnetic),  dip  r>5°  SE.  20 

Of  the  extent  of  this  field  Martin  says : 

The  area  of  anthracite  was  not  estimated  by  the  writer,  and  tlie  amount 
available  for  economic  mining  and  shipment  may  iK>ssil)ly  not  be  suflicient  to 
juHtify  the  necessary  eziienditnres. 

In  addition  to  the  sections  of  coal  measured  by  G.  C.  Martin  on 
Anthracite  Ridge,  the  following  sections  were  obtained  somewhat 
farther  ea.st^ 

fiecthm  of  coal  rm  Atithracitr  RUUjPr  altitudr  Sjoo  feet. 

Ft.       in. 

DialMise 5()± 

Sandstone  and  shale 10± 

Coal  and  shale G 

Coal 2 

Shale L. 1 

Coal 10 

Shale -__     2 

•    SaiMlstuiie - 7 

Strike  N.  70°  W.  (nmjjnetic),  dip  40^  S. 

Section  of  coal  on  Authrarite  RUhje,  nltituile.  SMOO  feet, 

Sandrtone.  I't.    in. 

Coal 2      0 

Coal  ami  shale ._  __   ._   ..  __      4 

Coal -  0 

Coal  and  ferruginous  clay . 2 

Coala 10 

Shale <•» 

Coal 4 

Shale 12 

Coal -     -  .-       1      3 

Shale .--   -     5 

Sandstone - -   1 

Shale -    -         ---  1      <5 

Clay  ironstone  noduU»s _ _  G 

Shale 1      G 


*  S4*e  annlysiH  No.  l."J  in  table  of  ii]tiniat<'  analys(>s,  p.  {\'2. 
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Clay  iranstone  nodule^_^_. ^^ ^__,___-„-„,^_^ 

Highly  (lurbonaceous  sliale - . ___,„>_, ^^^ 5 

t^oal-,  „..,_ . ^_— .. .-.- 1 

Shiiii* -,„-^_„^^— . , ^ -™- — 0 

Siiiulstime — .,^ -^_ ^-. ,— — 1^^-, — ^^__. — 4 

mwi^ ^^^- ■.-^. „_„^_ .,^^ — . — 15 

Con! . _— . — _-„ ___^.___^__ 

Colli- - ,- ^^_^^^^._^^ ^.^.____^^_^^., 2 

8balP__^ - , . ^ -. ^^. __-     4 

Blmle-.  _...., 1 -^^- — -^ ^-,^^^ — .^^^ .„.-     2 

Coul  fltid  i^liiile.^  — ---_ — -^- — .^^^ — ^— ^ ^^ — ,^_,„.^ — .__ 

SllHlC   ffKjt   Will!, 

Strike  N.  8<J*  E.   (wmgnetic),  tHr>  3^**  S. 

A  syncline  of  coal  3  feet  thick,  out  off  by  a  heavy  (diabase  ilike, 
expofied  in  a  small  creek  west  of  Piirinton  Creek  (as  shown  in  (ig»  ;i). 


« 


Fio.  3. — Cross  section  showing  relation  of  anthracite  to  Intrusive  diabase  near  Purlnton 

Creek. 


NORTHEASTERN  FIELD. 

The  coal-bearing  rocks  of  this  field  include  an  area  of  about  500 
square  miles.  Coal  is  found  at  various  localities,  but  never  in  thick 
beds,  the  best  discovered  having  a  thickness  of  3  feet.  The  rocks 
are  of  Jurassic  age  and  from  fossil  evidence  are  divided  into  a  Mid- 
dle and  an  Upper  Jurassic  series.  The  character  of  the  coal  appears 
in  a  general  way  to  be  in  accordance  with  this  separation,  i.  e.,  the 
older  rocks  carry  bituminous  coal,  and  the  younger,  coal  of  a  lignitic 
character. 

The  Middle  Jurassic  rocks  generally  are  severely  shattered  and 
crushed,  or  sheared  and  slickensided,  and  as  a  rule  present  a  decid- 
edly unfavorable  appearance  for  the  presence  of  workable  seams  of 
coal.  Locally  the  strata  are  closely  folded,  as  on  Billy  Creek  (see 
fig.  4),  w^here  the  coal  has  developed  a  strong  cleavage  and  has  as- 
sumed a  semianthracitic  character.     That  the  high-grade  coal  is  re- 
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the  fact  that  the  rocks  in  the  less  disturbed  areas  are  found  to  contain 
only  fragments  of  carbonized  wood  and  small  stringers  of  lignite. 

The  Upper  Jurassic  strata  lie  in  comparatively  undisturbed  atti- 
tudes, with  prevailing  low  dips.     Minor  dislocations  of  the  teds  are 
of  widespread  occurrence.     More  extensive  faulting  is  occasionally 
met  with,  as  on  Billy  Creek,  where  faults  of  several  hundred  feet 
throw  are  revealed  with  diagrammatic  clearness.     Coal  was  seen  at 
only  two  localities,  on  the  head  of  Billy  Crec^k  and  on  the  south  fork 
of  the  Tyonek.    At  these  localities  the  outcrops  were  obscured  by  mud 
and  slide  material,  but  the  amount  of  coal  represented  was  probably 
small.     The  coal  found  is  a  black  lignite  which  checks  on  drying. 
Mendenhall  reports  thin  beds  of  coal  interstratified  with  the  shales 
and  sandstones  along  the  south  fork  of  the  Nelchina. 

ADJACENT  COAL  FIELDS. 

Coal  fragments  are  reported  from  Willow   Creek.     From  Kash- 
witna  River,  at  two  points  half  a  mile  apart,  and  from  Canoe  Creek, 


Fio.  4. — Section  on  Billy  Creek.     1,  Sandstone  and  shale;  2,  conglomerate;  3,  greenstone 
amypdalolds ;  4,  basalt  dikes. 

Smiles  north,  a  bed  of  lignite  7  or  8  feet  thick  is  reported.  This  bed 
lies  nearly  horizontal  and  slopes  very  gt^ntly  to  the  west.  This 
appears  to  be  an  extension  of  the  field  of  which  Martin  has  compiled 
the  following  information : « 

There  appears  to  he  a  consideraMe  aroa  of  coal  or  li^ite  in  the  Siisltna 
Valley,  in  the  vicinity  of  the  month  of  the  Talkeetna.  Some  of  the  exiK)suros 
were  seen  by  Eldridge,^  who  descrihes  thom  as  follows : 

"The  third  c?oal  field  along  the  niMin  river,  4  to  10  miles  ahove  the  C'hulitna, 
appears  in  outcrops  for  a  distance  of  0  or  7  miles  and  is  i)erhai)s  the  exposed 
portion  of  an  extensive  area.  The  strata  form  hhiffs  KM)  to  3<M)  feet  hij^h.  and 
(■onsist  of  clays  and  sandstones — the  former  iiredominatin^ — with  coal  seams 
from  G  inches  to  6  feet  thick.  There  are  perhaps  ten  or  fifttHMi  ct)al  hcds  ex- 
posed in  the  entire  length  of  the  outcroj).  Their  j;en(»ral  di])  is  Tt"  to  lO''  SSE., 
with  undulations.     The  thickness  of  the  series  exposed  is  i)erhaps  r)(H)  feet." 

•Op.  cit,  p.  26. 

'Bldrid^,  O.  II.,  A  reconnaissance  in  tho  Suaitna  basin  and  adjacent  territory  in 
180S:  Twentieth  Ann.  Kept.  V.  S.  (ieol.  Survey,  pt.  7,  11)00,  p.  i»l». 
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(.Mbcr  expoBureii  Ui  tlie  Bttm«  general  dlstrSct  w^re  dejsfrlbed  hy  Lieutenant 
Leai*jjt*d,  who  i^ld:"* 

*'Ab  the  party  under  my  ebjirge  i>n>ceetle<i  ui>  the  Susltna  River,  spocinjeiL^  of 
etml  were  found  on  tUe  hand  ban^  from  time  to  tJine,  but  niore  plentiful  J  j  as  tUe 
forks  were  aiipronetiod.  On  the  wny  down  tiie  river  an  outiTopiJing-  of  eoiil  was 
seen  on  the  enat  fork  of  tlie  fiusitna  Hiver.  (ilN>ut  2  mileR  ^>ntli  of  the  fork.  The 
vehi  c'ould  not  he  meiiBured.  hut  n»  ueiir  ae  ecjuld  be  determined  it  was  about  li 
feet  thick  and  of  a  jHior  quality. 

"  UiM>n  entering  the  Talkeetna  River  <x)al  was  seen  on  the  barn  and  banks,  and 
tlie  same  c-tjal  was  found  Id  tbe  Chunilnu  River.  It  war*  the  main  fuel  used 
at  tlje  faniii  on  the  Chiuillna  River  for  about  two  montliw.  The  mnl  found 
there  was  n  hrown  lignite  of  nlwut  the  same  gmde  as  the  best  found  in  the 
vlehiity  of  T^yonek.  The  veSn Was  lofatotl  i^rst  hy  Sergeant  Yanert  and  is  noted 
on  Ilia  map.  It  iii  about  ii  mlh^  above  the  month  of  tlie  ("hunilna^  at  the  ba&e 
of  a  out  gravel  bank  alKiut  11K>  feet  hif^Mi.  When  seeu  by  Serji^mt  Yanert 
tlie  water  waK  clear  (Uid  the  vehi  c-oiild  be  trared  acrojss  the  river  to  lb**  eiist 
bank.  When  I  visited  tlie  vein  the  river  was  tloiHled  and  therefore  very 
mudily.  As  near  nn  e^iuld  be  deterndiied  hy  me  the  vein  \\i\n  (J  feet  out  of  and 
fully  as  nuK-h  more  imder  the  water,  making  It  V2  feet  tbiek,  but  I'rlvate 
Gamble  who  bad  seen  it  1»  clear  waten  ^aUl  it  was  at  least  ITt  feet  thkk  ami 
(lerbapB  nmrb  iimre*  as  tt  extended  aerops  the  river,  fiinnhig  Its  bed,  and  there 
wa?^  no  way  of  determining  the  tbiekness  of  that  part  forming  the  lieti  of  the 
river.  The  vein  is  only  slightly  tilted,  and  ciimparatively  ea^y  U*  work  If  ooea- 
Hi  on  suhouhl  evev  render  it  valuable.  ♦  *  ♦  Ail  of  the  t^ial  found,  ivhen 
t'^uisunieth  gave  a  fair  aajount  of  beat,  but  left  a  large  ami  mat  of  asbe><,  •  *  * 
Sergeant  Yanert  report (h1  that  be  faimd  another  large  mal  vela  an  the  I'hulitiia 
River  of  about  the  same  grade  aa  the  Tyouek  coaL  It  is  doubtful  If  the  eoal 
liiunil  will  ever  have  any  eommereial  vahie*  exeept  pueh  value  as  It  prjf>s<L>rtses 
for  fui4  in  the  vicinity,  and  even  that  will  he  small,  because  i^f  tho  timber 
ton  ml  in  the  same  localities.  Enough  was  as(^»rtaluc^l  to  show*  that  there  is 
plenty  o/  CH)al  of  an  inferior  grade  along  the  Susitna  River." 

The  Cook  Inlet  coal  fields  have  already  been  deseril)ed  by  various  authors. 
All  existing  information  was  summarizeil  in  1902  by  Brooks,^  who  gave  com- 
plete references  to  the  earlier  i)ublications. 

There  seems  little  doubt  that  lignitic  coal-bearing  strata  border 
the  western  base  of  the  Talkeetna  Mountains  from  Cook  Inlet  at 
least  as  far  as  Chunilna  River,  as  is  indicated  by  the  successive  float 
and  outcrops  reported  from  AVillow  Creek,  Canoe  Creek,  Kashwitna 
River,  and  Chunihia  River.  It  seems  probable  that  these  exposures 
are  of  sediments  of  Eocene  age  and  of  the  same  series  of  beds  that 
were  seen  at  other  localities  by  Eldridge.' 

"  Learned.  Lieut.  11.  G.,  Reports  of  explorations  in  the  Territory  of  Alaska,  War  Dept., 
Adjutant-General's  Office,   No.   25,   1899.   pp.   162-108. 

"  Brooks,  A.  IL,  The  coal  resources  of  Alaska  :  Twenty-second  Ann.  Kept.  U.  S.  -Geol. 
Survey,  pt.  3.   1902,  pp.  543-546. 

'-  Op.  cit. 
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ANALYSES  AND  TESTS. 
CHEMICAL    AND    CALORI  METRIC    TESTS. 

The  samples  collected  by  Martin  were  (with, the  exception  of  Xo. 
3)  all  taken  in  a  uniform  manner.  They  were  obtained  by  making 
a  cut  across  a  fresh  face  of  the  coal  from  roof  to  floor,  cutting 
down  only  the  coal  which  would  probably  be  loaded  and  leaving  out 
such  impurities  as  could  be  separated  in  the  ordinary  practices  of 
actual  mining.  They  are  thus  supposed  to  represent  the  quality  of 
the  coal  which  would  be  mined  from  these  seams.  The  parts  of  each 
seam  which  went  into  the  sample  are  indicated  in  the  local  sections. 
No.  3  was  taken  from  only  the  best  parts  of  the  seam  and  impurities 
were  rejected  which  could  be  separated  in  practice  only  by  very 
careful  treatment,  such  as  in  "  screened  and  hand-picked  "  coal,  or 
possibly  by  some  mechanical  process,  or  by  washing.  The  object  of 
this  section  was  to  show,  by  a  comparison  of  analyses  Xos.  2  and  3, 
what  could  probably  be  gained  in  practice  by  such  careful  separation 
of  impurities. 

The  samples  that  Martin  collected  were  all  analyzed  by  V.  M. 
Stanton  at  the  United  States  Geological  Survey  coal-testing  plant 
at  St.  Ix)uis,  Mo.  The  methods  of  analysis  are  described  in  the 
reports  of  this  plant.® 

The  other  analyses  were  gathered  from  a  variety  of  sources.  Nos. 
4,  8,  10,  12,  and  14  are  based  on  duplicates  of  samples  taken  by 
Martin.  The  others  are  of  varied  character,  some  being  fair  repre- 
sentations of  the  seams  and  some  random  selections  of  the  l)est  coal. 

The  anthracite  coal  is  represented  by  a  single  analysis  (No.  1), 
which  shows  it  (so  far  as  this  one  outcrop  is  concerned)  to  compare 
favorably  with  some  of  the  Pennsylvania  anthracite. 

Comparison  of  Matanuska  and  Venn  nyl  van  in  anthracite. 


Coal. 


Moistnro  '  Volatile      Fixed         ,  ,        miiphur  '    ^•'>'^ 
Moismrt.    matter.     earlKui.      ^^'^"-      ''^'^'P'^"'^-    nitio. 


HatAnoBka i         'L:^  '         7.08         s-l.;V2        COf)  0.57        11.91 

Peniwylvania  (average  of  9)a '         3.39  3.81  '       kj.79        8.42  .59        '22.3:i 


'  Ashburner,  C.  A.,  Ann.  Rept.  (leol.   Survey  rennsylvania,   l><sr>.   p.   'M'.\. 

A  sample  from  Anthracite  Ridge  taken  by  the  writers  during  the 
season  of  1906  is  here  of  special  interest.  (See  No.  22  in  table  of 
ultimate  analyses.)  It  will  be  seen  that  the  coal  has  a  fuel  ratio  of 
only  1.90,  which  places  it  in  the  bituminous  class.     The  difference  in 

•Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  Fnited  States 
Geological  Survey  at  the  Louisiana  Purchase  Kxposition.  St.  Louis.  Mo.,  1004  :  Bull, 
r.  S.  Geo!.  Survey  No.  261,  lOOn,  pp.  ;*,0-31.  K<*port  on  tht»  operations  of  the  coal- 
testing  plant  of  the  United  States  (ieologlcal  Survey  at  the  Louisiana  Purchase  Kxposi- 
tion. St.  Louis,  Mo..  1904:  Prof.  Paper  U.  S.  (Jeol.  Survey  Xo.  4.S.  \\m\  pp.  174-192. 
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tlie  quality  of  the  coal  is  regurded  im  deiKnideut  on  the  presence  oi 

neighboring  igneous  rocks. 

Ati^ipsf^sa  of  Mtttanfinka  Riv&r  eoalt. 


1 

1 

Proiimftte  aiuilyvta. 

Uldnutti  ftHAl^i. 
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It 
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9. 

1 
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1 

1 

»^.0 

n 

SLeo 

!i.2fi 

S6,ld 

^99 
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S.07 

H4.ao 
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4.M 

7.660 

13.656 

2 

12.  S 

2.5& 

16,  «6 

^9.72 
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.57 

4.19 

7«.5ft 

1.S7 

6.22 
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3 

6.2 
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13 

9.fl 

L80 
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11.91 
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74. 3S 
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7.57 

7.422 
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1^ 

2.6 

f^) 

4.74 

34.79 

54.  U« 

0.41 

.42 

.V64 

71.06 

1,00 

14-07 
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12.573 

19 

a.  3 

1^ 

5.00 
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10.45 
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19.40 

6,338 
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1J]9 
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21 
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4,60 
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22.01 
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11,601 
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.0 
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2.18 

3U.60 

50.06 

9.10 

.70 

4.83 

71.43 

!.«, 

i±m 

7,308 

13,145 

■These  Anally  Ma  wete  mtide  hj  ¥.  M.  Btantoti  on  the  BH.tn«  «Ample»  an  tUo»c  wICU  corre- 
ftpondii))?  Dum&prs  oa  pp.  00,  f»L  Tho  dffT^rt^iiiVH  [□  proxlDmlp  imaityH^es  ari^  due  i*y  tbe 
fHCt  ihijr  thfH  HiitQploi^  drit'd  t^ompwhat  In  the  monltiF^  whLf'h  elnp^ffd  l>etwe«n  tVDolyHcti.  and 
that  Homewhat  tilffi  r<*Dt  metboda  of  ana  lye  U  wt^re  used  i«ee  Bull.  U.  B.  Geol.  Survey  No. 
SSMJ,  imjti,  pp.  2ft-30). 

^  Npt  determined. 

The  coals  represented  by  analyses  2  to  17  are  near  the  border  line 
between  Hem i bituminous  steam  coals  (as  the  name  is  generally  used  in 
the  trade,  but  not  according  to  Frazer's  definition  *" )  and  bituminous 
coking  coals.  They  are  rather  high  in  ash,  but  ai"©  otherwise  of  good 
quality.  Analyses  5  and  6  bring  the  average  ash  abnormally  high, 
but  even  aside  from  these  most  of  the  seams  are  so  impure  that 
mechanical  separators  or  washing  should  be  used  to  remove  part  of  the 
impurities.  The  purer  of  these  coals  correspond  very  closely  to  the 
Crows  Nest  Pass  (British  Columbia)  coal,^  which  is  the  standard 
coking  coal  of  w^astern  North  America,  and  approximately  to  some 
of  the  coking  coal  of  the  East. 

The  bituminous  coal  of  lower  grade  on  Eska  and  Tsadaka  creeks, 
which  the  analyses  show  to  be  intermediate  between  first-class  bitu- 
minous coal  and  the  lignite  coals,  should  probably  be  called  bitumi- 
nous rather  than  lignite,  its  usual  designation  in  the  region.  It  is 
of  about  the  same  composition  as  the  Franklyn,  Black  Diamond,  and 
Ilenton  (AVashington)  coal.  It  probably  will  not  make  good  coke, 
but  should  serve  well  under  stationary  boilers,  and  possibly  as  a 
locomotive  fuel  and  for  other  local  uses.  It  should  be  especially 
well  adapted  to  the  generation  of  power  by  the  use  of  producer  gas 
in  a  gas  engine. 

*  Kept.  Geol.  Survey  Pennsylvania,  vol.  MM,  1879,  pp.  144-145. 

"  Martin,  G.  C,  Markets  for  Alaska  coal :  Bull.  U.  S.  Geol.  Survey  No.  284,  1906,  p.  29, 
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COKING  QUALITIES. 

A  rough  test  of  the  coking  qualities  of  the  coal  from  tunnel  Xo.  2 
on  Chickaloon  Creek  (see  p.  46)  was  made,  during  the  summer  of 
1905,  by  coking  a  large  pile  of  coal  under  a  covering  of  stones  and 
dirt.  The  resulting  coke  was  hard  and  firm  and  had  a  good  ring  and 
a  good  texture.  The  test  showed  conclusively  that  a  satisfactory 
grade  of  coke  can  be  produced. 

MINING  CONDITIONS. 

Xo  serious  difficulties  prevent  the  mining  of  these  coals.  The  dips 
are  so  steep  (10°  to  60°  on  the  anthracite,  18°  to  85°  in  the  east  end 
of  the  bituminous  area,  and  20°  to  44°  in  the  west  end  of  the  bitu- 
minous area)  that  some  method  of  stoping  must  be  used.  Miners  who 
are  accustomed  to  the  steep  dips  in  some  of  the  coal  mines  of  Washing- 
ton and  British  Columbia  will  have  no  difficulty  in  this  field.  Drifts 
can  be  run  from  the  level  of  some  of  the  main  streauis,  and  enough 
coal  found  above  drainage  to  supply  the  mines  for  some  time.  It 
will  ultimately  be  necessary  to  resort  to  slope  or  shaft  mining.  These 
methods,  or  tunnels  across  the  measures  from  the  upper  floor  of  Mata- 
nuska  Valley,  will  probably  have  to  be  used  on  the  anthracite  very 
soon.  But  no  operations  should  be  undertaken  in  the  anthracite  area 
without  thoroughly  investigating  the  amount  of  workable  coal,  botl^ 
by  carefully  exploring- the  surrounding  country  in  search  of  outcrops 
and  by  testing  the  thickness  and  continuity  of  the  seams  by  boring  or 
other  underground  work.  There  is  an  abundant  local  supply  of  wood 
for  building  and  mine  timbering. 

It  will  be  necessary  to  wash  or  otherwise  dean  the  coal  from  some 
of  the  seams.  The  percentage  of  ash  can  I)e  reduced  by  washing  from 
10,  12,  15,  23,  and  27  i>er  cent  to  less  than  half  and  probably  in  some 
cases  to  a  quarter  of  these  figuras.  By  washing  tests  at  the  coal- 
testirtg  plant  of  the  United  States  (icological  Survey  '*  the  i)ercentage 
of  ash  was  reduced  as  follows : 

Perventatjc  of  ash  in  ratr  and  irasJird  vual. 


Tvi^t 

Raw 

1  Washed  i 

No. 

coal. 

1     colli.     I 

1 

■..u 

9.42    1 

'2 

W.  40 

1       7.  ir, 

3 

•2H.  ;v.» 

i        7.59     ' 

'* 

i:j.81 

♦).  22 

:> 

'    10.59 

,         5.86     ' 

f) 

9.W 

f).  33     ' 

7 

7. 75 

7.49 

8 

'Sx  05 

Kl\     ' 

9 

16.00 

10.25    : 

10 

15. 22 

10. 28 

' ]*rcliminary  report  on  tho  operations  of  the  <*()al-testing  plant  of  the  United  Stnt«*s 
Geological  Survey  at  the  Louisiann  Purchase  Exposition,  St.  I.ouls,  Mo.,  liK)4  :  Bull.  V.  S. 
GeoL  Survey  No.  261.  1905,  pp.  60-73. 
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GOLD. 


DISTRIBUTION  OF   GOLD  BEARING  ROCKS. 


^H  Gold-lK^aring  rocks  are  foimd  over  considerable  areas  in  the  regie 

^^  adjat'eiit  to  t'nok  Irdet,  A  series  of  graywack^s  and  slater,  cut  by' 
miiall  quartz  stringers,  occupies  the  eastern  part  of  the  Kenai  Pen- 
tnsulaj  forming  the  bed  rock  of  the  Sunrise  mining  district,  extends 
across  Turnagain  iVriu,  nnd  may  be  seen  in  the  valley  of  Knik  River 
still  farther  north.  The  search  for  placer  gold  in  rocks  of  this  type 
is  warranted,  and  discoveries  of  commercial  value  may  po^ibly  be 
made.  ^H 

North  of  Matanuska  River,  on  the  sonthern  margin  of  a  granit^'^ 
niass^  occurs  a  band  of  highly  ciystalline  mica  schist.  It  is  tdos4.4j 
fohled  ami  infiltratiHl  with  fine  qinirtz  stringers.  The  only  produc* 
(ive  pkeer  thus  far  developed  within  the  region  is  situated  on  this 
belt  of  Kchists.  It  is  noteworthy  that  the  igneous  rocks,  granitic  and 
volcanic,  to  which  this  series  of  mica  schists  gives  place  on  the  north 
and  east,  have  so  far  proved  barren  of  workable  placers. 

Farther  northwest,  near  the  month  of  Talkeetna  River,  a  slate- 
schist  series,  folded,  intruded  by  granite,  and  containing  abundant 
quartz  stringtTs,  again  represents  the  gold-bearing  series.     The  same 
^  /ocks  are  also  found  just  north  of  the  Susitna-Cantwell  divide.     Tlie 

■^  bars  of  sti^eams  heading  in  this  formation  have  for  many  years  l^een 
worked  with  more  ur  less  sticcess,  ami  in  ]iSl>8  weiv  the  scene  of  some 
local  excitement.  Several  miles  of  claims  were  staked  that  year  along 
the  Chunilna,  a  tributary  of  the  Talkeetna  from  the  north.  The  gold- 
bearing  gravels  of  the  newly  discovered  Yentna  district  are  reported 
to  have  a  slate  bed  rock,  indicating  the  presence  of  metamorphic  rocks 
to  the  west. 

Though  there  is  still  question  as  to  the  relative  ages  of  these  series 
of  rocks,  there  is  little  doubt  but  that  their  economic  importance  is 
due  to  the  mineralization  which  has  taken  place  during  their  infiltra- 
tion by  abundant  quartz  stringers.  The  concentration  of  gold  values 
incident  upon  their  wearing  away  by  stream  work  has  been  the  direct 
means  of  the  formation  of  the  placers. 

The  Pleistocene  gravels  at  the  head  of  Matanuska  River  are  not 
likely  to  be  gold  bearing  or  of  economic  importance.  Their  glacial 
origin  is  distinctly  unfavorable  to  the  production  of  placer  deposits. 
Their  rapid  mode  of  accumulation  means  a  lack  of  sorting  and  con- 
centration necessary  for  the  formation  of  workable  placers. 

The  present  stream  gravels  are  largely  derived  from  reworking 
these  older  gravel  sheets.     Even  with  this  partial  reconcentration  the 
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engaged  in  concentrating  a  metamorphic  bed  rock  locally  bearing 
gold,  usually  in  the  form  of  small  mineralized  quartz  stringers. 

Though  placers  have  not  been  found  within  the  areas  of  older  vol- 
canic rocks,  mineralization  has  occurred.  West  of  Hicks  Creek  a 
large  cropping  of  gossan  about  100  feet  wide  was  found.  This  red 
capping  is  due  to  the  oxidation  of  finely  divided  pyrite  disseminated 
through  a  quartz  porphyry.  A  sample  selected  for  assay  showed  a 
trace  of  gold  and  no  silver. 

For  several  miles  the  whole  southern  flank  of  Sheep  Mountain  at 
the  head  of  Matanuska  River  is  colored  a  strong  red  from  the  oxida- 
tion of  pyrite  in  the  greenstones.  At  some  points  the  sulphuric  acid 
formed  during  the  oxidation  of  the  pyrite  has  bleached  the  green- 
stones to  a  pure  white  color.  The  rugged  range  thus  tinted  in  vividly 
contrasting  colors  presents  a  marked  scenic  effect.  Certain  streams 
emerging  from  the  range  are  so  highly  charged  with  iron  salts  as  to 
color  tjkeir  gravels  red  with  oxide.  The  pyritization  of  the  green- 
stones, which  are  here  roughly  schistose,  has  affected  a  great  thickness 
of  rocks,  but  is  of  a  diffused  character.  An  assay  of  a  sample  selected 
as  showing  the  maximum  mineralization  yielded  only  a  trace  of  gold 
and  no  silver. 

DESCRIPTION  OF  LOCALITIES. 
WILLOW    CREEK. 

Placer  gold  is  being  mined  in  commercial  quantities  at  only  one 
locality  within  the  area  covered  during  the  season,  i.  e.,  on  Grubstake 
Gulch,  a  southern  tributary  of  Willow  Creek,  which  enters  Susitna 
River  about  30  miles  above  its  mouth.  Willow  Creek  proper  was 
staked  by  M.  J.  Morris  and  L.  Herndon  is  1898,  and  it  is  reported 
that  they  extracted  about  $4,000.  In  1899  A.  Gilbert  staked  Grub- 
stake Gulch,  and  in  1900  sold  his  interest  to  O.  G.  Heming,  who  man- 
ages the  property  for  the  Klondike  Boston  Mining  Company,  of  Bos- 
ton, Mass. 

The  valley  of  Willow  Creek  and  the  valleys  of  the  small  tributary 
gulches  show  clearly  the  results  of  ice  action,  the  side  streams  occupy- 
ing hanging  valleys  with  steep  gradients  or  falls  where  the  smaller 
streams  join  the  main  water  courses.  Grubstake  Gulch  is  an  example 
of  such  conditions.  Near  its  mouth  a  rim  of  bed  rock  crosses  the 
channel  and  is  cut  through  by  the  present  stream,  which  falls  pre- 
cipitously for  about  150  feet  in  a  very  short  distance  and  enters  Wil- 
low Creek  at  a  low  gradient.  An  excellent  dump  for  hydraulicking 
is  thus  afforded.  Bed  rock  is  a  mica  schist  penetrated  by  small  vein- 
lets  and  augen  of  quartz.  The  schistosity  at  this  point  is  N.  G0°  E., 
with  a  steep  dip  40°  to  the  north.  The  direction  and  inrlination 
of  the  beds  across  the  stream  and  the  dip  downstream  are  especially 
1307O_Bull.  327—07 5 
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favorable  for  Hk*  coIlt^€tirH\  of  any  gold  ihwt  inight  bo  co neon tra fee 
from  the  rocks  in  the   process  of  erosion   which   the   valley   ha4_ 
undergone.  ■ 

In  the  last  three  years,  1^04-190^1.  during  which  hydraulic  methods 
have  been  in  use,  000  feet  of  the  creek  has  been  worked  out.  Pay  aver- 
ages 200  feet  in  width  with  a  depth  from  2^  to  3  feet-  The  gold  is 
coarse  and  rough,  and  assays  at  the  mint  $1(.ko8  per  ounce.  Very 
little  black  sand  is  found.  The  greater  part  of  the  gold  occiii-s  close 
to  or  in  crevices  of  the  bed  rock,  but  it  is  not  deemed  necessiary 
to  clean  up  by  hand,  the  hydraulic  giant  being  relied  on  to  sweep  all 
gold  into  the  lx>Kes. 

The  wa?ih,  which  h  practically  all  confined  to  the  gulch  bed,  ther« 
being  no  well-defined  liench,  is  course,  ill  assorted,  and  not  greatly 
water  worn.  The  many  large  bawlder.s  make  it  necessary  to  employ 
at  least  two  men  in  breaking  up  and  removing  oversize  and  add 
materially  to  the  cost  of  extraction.  Three  Hendy  giants  are  installed 
on  the  property,  two  No.  2  and  one  No,  L  Only  one  is  used  at  a  time, 
however.  Seven  hundred  inches  of  water  with  a  head  of  180  feet 
is  brought  three- fourths  of  a  mile  down  the  grdeh,  A  24- inch  pipe  at 
the  intake  dam  is  iTduoed  to  9  inches  at  the  giant^  to  which  is  fitted.^ 
a  3- inch  nozzle.  H 

The  J)00  feet  of  sluice  boxes  ti^ed  are  built  entirel}^  of  whipsawed 
lumber.  Bottom  boards  are  1^  inches  thick,  side  boards  1  incli  thick^ 
and  the  frames  are  3 -inch  square  timbers.  The  flume  is  '27  feet  wide 
and  30  feet  deep  by  inside  measurements.  Block  riffles  are  used.  A 
grade  of  5J  inches  to  12J  feet  is  maintained.  The  gravel  is  piped 
downstream  into  the  boxes.  Very  little  gold  is  caught  below  the 
fourth  box,  the  greater  part  being  retained  in  the  second.  Mercury 
is  placed  in  the  third,  fourth,  and  fifth  boxes. 

The  origin  of  the  gold  may  be  ascribed  with  certainty  to  the 
abundant  quartz  stringers  in  the  mica  schists.  The  coarseness  and 
roughness  of  the  grains  suggest  a  near  source  of  supply.  It  is  very 
probable  that  the  discovery  of  placer  gold  in  commercial  quantities 
in  this  region  will  be  in  the  areas  where  mica  schist  is  the  dominant 
formation  or  where  streams  have  eroded  rocks  of  that  type.  The 
fact  that  placer  gold  has  not  been  found  in  paying  quantities  where 
streams  have  headed  in  granitic  or  other  crystalline  rocks  bears  out 
this  statement. 

Recent  prospecting  has  developed  the  fact  that  a  well-defined 
bench  about  75  feet  above  the  bed  of  AA'illow  Creek  carries  gold  in 
commercial  quantities.  It  is  planned  to  install  during  the  coming 
winter  a  hydraulic  plant  on  the  south  side  of  Willow^  Creek,  near  the 
mouth  of  AVet  Gulch,  2  miles  below  Grubstake  Gulch,  for  their  exploi- 
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cient  pressure,  suggest  a  commercial  proposition  well  worth  investi- 
gation. The  possession  of  the  creek  claims  as  dumping  ground  will 
be  necessary.  Such  bench  claims  lend  themselves  particularly  to 
exploitation  by  hydraulic  methods  and  may  be  worked  at  far  low^er 
cost  than  gravels  situated  at  the  level  of  present  stream  drainage. 

NELCHIXA  RIVER. 

Two  prospectors  from  Copper  Center,  who  were  met  in  the  head- 
water country  of  the  Nelchina  and  Tyonek  rivers,  reported  that  gold 
was  present  in  all  the  stream  gravels,  but  in  very  small  quantities. 
The  gold  obtained  on  the  Tyonek  is  almost  exclusively  in  the  form  of 
small  round  plates,  worth  about  a  cent  apiece.  Occasional  small 
shotty  nuggets  occur,  not  exceeding  5  or  10  cents  in  value. 

It  is  reported  that  the  hard  conglomerate  interstratified  w^ith 
Jurassic  shales  and  sandstones,  when  panned,  failed  to  yield  colors. 
Yet  in  view  of  the  unaltered  and  unmineralized  character  of  the 
prevailing  sandstones  and  shales,  and  in  view  of  the  comparative 
coarseness  of  the  gold,  it  is  nevertheless  probable  that  the  meager 
gold  content  of  the  present  stream  channels  has  been  derived  by  a 
concentration  of  the  ancient  conglomerates. 

KNIK  Rm:R. 

It  is  reported  that  on  Metal  Creek,  a  tributary  of  Knik  River,  pros- 
pectors discovered  pay  dirt  which  yielded  $7  or  $8  a  day  to  the  shovel. 

COPPER. 

KNIK    RIVER. 

In  August,  1906,  prospectors  reported  the  discovery  of  copper  in 
the  high  mountains  between  Knik  and  Matanuska  rivers,  but  this 
locality  was  not  visited.  The  ore  shown  to  the  writer  is  chalcopyrite 
(sulphide  of  copper  and  iron),  and  is  associated  with  pyrrhotite 
(magnetic  iron  pyrites).  The  ledge  is  reported  to  be  nearly  vertical 
and  to  have  been  traced  through  four  claims.  Xo  actual  development 
work  has  been  done.  The  ore  body  is  said  to  be  3  feet  thick,  consist- 
ing of  18  inches  of  solid  chalcopyrite  and  18  inches  of  quartz  irregu- 
larly cut  by  stringers  of  ore.  (iraphitic  gouge  matter  occurs  near 
the  ledge.  From  the  foregoing  description  it  appears  probable  that 
the  deposit  occupies  a  mineralized  shear  zone,  similar  to  those  found 
in  the  Prince  William  Sound  region  both  in  its  manner  of  occurrence 
and  in  the  bed  rock  with  which  it  is  associated.  The  mountains  be- 
tween Knik  and  Matanuska  rivers,  though  difficult  of  access,  are 
thought  worthy  of  prospecting. 
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KA8HWITNA    RIVER. 

The  occurrence  of  bornite  in  the  mountains  east  of  the  Susitna  w 
reported  as  early  as  1898.«  During  the  summer  of  1906  assessmei 
work  was  done  on  copper  claims  near  the  head  of  the  north  fork  > 
Kashwitna  Eiver,  a  tributary  of  the  Susitna  from  the  Talkeeti 
Mountains.  Samples  of  bornite  said  to  occur  in  a  granite  were  see 
The  claim  is  about  120  miles  from  Knik  and  is  situated  10  miles  fro 
timber. 


«  Explorations  In  Alaska,  Adjutant-General's  OfBce,  p.  167. 


INDEX. 


Page. 
Anthracite  Ridge  coal  field,  coal  of,  descrip- 
tion of  54-56 

geology  of 52-54 

sections  in 55-56 

Arkose  Ridge,  fossils  on 26 

Asli  in  coal,  percentage  of C3 

Ast&rte.  occurrence  of 18 

AoceUa,  occurrence  of 21,22,30 

bronni  Rouiller 22,23 

crassicollis  Kcyserling 24 

Belemnitc5,  occurrence  of 19,22 

Billy  Creek,  coal  on 57 

fault  on,  view  of 16 

rockson 21,24,29 

section  on,  figure  showing 57 

Boulder  Creek,  coal  near,  analyses  of 60 

Cidocena  sp.,  occurrence  of 22 

<^oe  Creek,  coal  on 57 

^Mtwell  River,  rocks  on 11 

^«ibou  Creek,  description  of 8 

fossils  on 19 

^nie  Mountain,  rocks  of 25 

^*?fcaloon  Creek,  coal  on,  analyses  of CO 

<>oal  on,  coking  of a3 

sections  of 44-48 

^inscription  of 8 

'«D88il8  on 2<) 

«V)cItsnear 9,19,20,25.29.30 

^  nnnels  at,  locations  of,  figure  showing. .        45 

"t.  unnels  at,  sections  of 45-48 

42 
...  :^i-M 


.    ^   "Views  near 

*<^1taloon  Glacier,  description  of. 

j_^  ^■■%ach  Mountains,  character  of 8-9 

^»iilna  River,  coal  on 

^old  on 

■  '^l,  analyses  and  tests  of 

fiiatribution  and  description  of 

mining  of,  conditions  of 

metamorphism  of 


58 

04 

5<M)3 

5.28.40-59 

63 

27-28 


occurrence  of 5.28, 40-41 

^<^I  Creek,  coal  on,  analyses  of 00 

coal  on,  sections  of 43 

Coking  test,  results  of O-'i 

Conglomerate  Mountain,  lake  near,  view  of.        10 

rocks  on 25 

wclion  at,  figure  showing 41 

view  of 42 

^»l»r,  occurrence  and  description  of 07-r>8 

Copper  River  basin,  description  of 7.  .39-40 

development  of 39-40 

Corylos  macquarri  (Forbes)  Heer 26 


Page. 

Cretaceous  rocks,  character  and  occurrence 

of 10.24 

Eldridge,  G.  II.,  on  Susitna  slate 11-12 

on  Tyonek  coals 28 

Eocene  rocks,  ago  of 26-27 

fossils  of 26 

occurrence  and  charactor  of lO.  24-28 

stratigraphy  of 27 

Eska  Creek,  coal  on,  analyses  of 60 

coal  on,  sections  of 49-50 

view  near 42 

Explorations,  list  of .5-6 

Fault  block,  lake  in,  view  of 16 

Ficus  gronlandica  Ileor 26 

Field  work,  outline  of 6 

Geography,  outline  of 6-9 

Geologic  history,  outline  of 31-40 

Geologic  map  of  region Pocket 

Geology,  description  of 9-40 

outline  of 9-10 

Gerdine,  T.  G.,  work  of 6 

Glaciation,  description  of .3,3-37 

view  of 16 

Glaciers,  recession  of,  view  of 16 

Gold,  distribution  of 04-65 

occurrences  of,  description  of 65-67 

origin  of 66 

Granite  Crwk,  rocks  on 19 

Gravels,  character  and  distribution  of 30-31 

gold  in 64-65. 66-67 

rrraywaekes,  occurrence  and  description  of .  12- 16  " 
Grwnstone  tuffs,  occurrence  and  descrip- 
tion of i:i-i4 

Grw'nstones,  occurn?nce  and  description  of. .  16-17 

Grubstake  Gulch,  gold  in 65-66 

Hicks  Cn'ck,  coal  near,  analysis  of 60 

folds  on IS 

rocks  near 24. 65 

Historical  geology,  outline  of 31-40 

Igneous  rocks,  intrusion  of 32 

occurrence  and  character  of 10. 27-28 

Inoceramus 19 

lucifer  Edward,  otxjurn'nco  of H».  .>J 

J uglans  nigoUa  Heer 2().  53 

J  urassic  rocks,  age  of 19. 22-23 

chanictcr  and  distribution  of. .  10. 10-lK.  20-22 

fossils  of 18-19. 22-23 

plate  showing 10 

stratigraphic  n'lations  of 23 

structure  of 18 

Kachemak  Hay,  lignites  on,  charactor  of. . .        28 

G9 


Ibaiili  fiMUkd  bf , ,„ 

«Q  KpoaJ  fo^illn ....  ^ .... . 

on  ll*tfl.H«*k*  tM  tul 

on  kf&t:itiUBkA  VaUe y 

on  Siisitna  VaUoy  coal 

sections  liy 43, 

Matanuska  coal  fiold,  coal  f>f.  description  of. 

description  of 

ext**nt  r»f 

sections  of 

structure  of 

Hutu wwik-d  River. <?oAl DfSL,  anmlfmm  c*i. .... 

iHttditti,  *eclion  ol-,^ --,-,,. ,,.. 

flrthcriptii'iin  oL . . . . .__ ,l ^_ . .  S, 

foiitU^on«. ,, 

KliuritnrA^n .._ 

gravfU  on _.„.„_.... . 

M'otfoii  ul ,  f^rv  allowing , .... 

UniAtmitkA  V  allry,  doAcrlptlon  of .  _  x 

i)(*VPlir*pinPtil  of . . . . . , , . 

glucU-T  In ......_ , ..,,.. 

irruviilBt  lu _,„._,,„.„„,,. 

r-  it^k*  III ....... 

MmidmUuilL  W.  C,,  nn  {■onfloniemtii  of  r«s- 
tip  Motmiiiiti .,,,.,.. , .  _ . 

«n  C<tf cpi-r  lUver  ba^ln. . , . .  _ 

(1(1  MiiluttUHkn  KliU'^i^rH.  ,   ..._^. 

oil  Mat  ii  [Hi  Ilk  It  V'nHry  ,,, . ..... 

rrof ,,.. 


57 
4S,49 

41-52 
40-41 
41 
43-51 
41-42 

43 

IB 
U 

41 

37-38 

3[ 

25 
39 
34 

37 

1M€ 


Rll jalJtts.  fnnincBK  aad  ^«9cvifitim|  of, . . 

SskjE  r&fiidu  Bmr.  ..........,..„„,,„ 

SiB4gna(t .  IL  O..  Torfc  ol, . . , .  „. . , 

Sr-hi*!  1.  ooctirmirt*  *&d  chara^-ter  of _    1 

rent*  of 

Sheep  Creek,  character  of 

rocks  near 

Sheep  Mountain,  rocks  of 

SUtes.  occurrence  and  character  of 3 

Sonninia,  occurrence  of J 

Stanton.  F.  M.,  analyses  by I 

Stanton,  T.  W.,  fossils  determined  by 1 

^k.  ,.,,.n...^..  ^.^,    -,.,.ri.  ...-   ol 

Stratig^fapby.  dosertption  of.. „„ 

3Luime  *  Bcrie»p"  agpol,, „.......,,,._.,.. 

character  of. „,, .-,....,_.,, 

<^f™l3tioB  of... .,_..„.....      1 

*jccurrence  Aiid  chatainer  of. . ^ . .     : 

Su«t inft  R i voFh  description  of „. 

rcxiks  OQ .„,.......,.     ;^ 

vftJJey  of  I  coai  in...-,...,...... ., J 

gUcwf  in.,,. ,    ^ 

ELuUcm  sliite.  ehuruct^r  »n4  titcurfence  of,. 

11— 
Tatkeetna  Mountatna,  coal  in,  sectioH  of . . . . 

deTi-Dlopmcnt  or..,.,..,. * 

clmina^  ol .......... . .....,„ . — .. 

epography  of ...,..._.,..„,.. 

geology  of 0»17»  ^ 

gUcicr^  on^ 

tnpoirrflpby  of .,.,,,..,.,., . 


INDEX. 


71 


Pa«e* 

dUtichum  miocenum  Heer 26 

um  neer 26 

KJks,  age  of 26-27 

of 26 

mce  and  character  of 10, 24-28, 29-30 

raphy  of 27 

•ccurrence  of 18 

reek,  coal  on,  analyses  of 60 

,  sections  of 51-52 

on 26 

•n 19,25 

rrence  and  description  of 13-14,21 

avelsat 31 


Tyonek,  lignites  at,  character  of 28 

Tyonek  River,  coal  on 57 

gold  on 67 

Viburnum  nordenskioldl  I  leer 26 

Viviparus,  occurrence  of 26 

Vola,  occurrence  of 18 

Watson's  camp,  coal  at,  sections  of    45-48 

Willow  Creek,  coal  on 57 

gold  on f>5-67 

rocks  near 10 

Yentna  gold  district,  rocks  of 64 

Young  Creek,  coal  on,  analyses  of tO 

coal  on,  section  of 49 


t 


CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Bulletin  No.  327.] 

The  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reporb^,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States— folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United  States — 
folios  thereof.  The  classes  nunil)ered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributcni  free.     A  circular  giving  complete  lists  can  be  had  on  application. 

Most  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
can  ))e  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D,  C,  from  whom  they  can  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  can  be  con- 
fflilted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subject^,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  Sys- 
tematic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry 
and  physics;  F,  Geography;  G,  Miscellaneous;  II,  Forestry;  I,  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrogra{)hic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports; 
Q,  Fuels;  R,  Structural  materials.  This  paper  is  the  one  hundred  and  fifth  in 
Series  A  and  the  one  hundred  and  twenty-ninth  in  Series  B,  the  complete  lists  of 
which  follow  (PP= Professional  Paper;  B=Bulletin;  WS  =  Water-Supply  Paper): 

SKRIKS  A,  ECONOMIC  GEOLOGY. 

B  21.  Lignites  of  Great  Sioux  Reservation:   Report  on  region  between  Grand  and  Moreau  rivers, 

Dakota,  by  Bailey  Willis.    18a").    16  pp.,  5  pis.     (Out  of  stock.) 
B  46.  Nature  and  origin  of  deposits  of  phosphate  of  lime,  l)y  R.  A.  F.  Penrose,  jr..  with  introduction  by 

N.S.Shaler.    1888.    143  pp.    (Out  of  stock.) 
B65.  Stratigraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  \'irginia,  by   I.  C 

White.    1891.    212  pp..  11  pis.    (Out  of  stock.) 
B  ill.  Geology  of  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  M.  R.  Carapl>ell.    1893.    106  pp., 

6  pis.    (Out  of  stock.) 
B  132.  The  disseminated  lead  ores  of  southeastern  Missouri,  by  Arthur  Winslow.     1896.    31  pp.    (Out 

of  stock.) 
B 138.  .\rte8lan-well  prospects  in  Atlantic  Coastal  Plain  region,  by  N.  II.  Darton.    1896.    228  pp.,  19  pis. 
139.  Geol(^y  of  Caa tie  Mountain  mining  district.  .Montana,  by  W.  H.  Weed  and  L.  V.  Pirsson.    J896. 

164  pp.,  17  pis. 
■B 143.  BibU(^aphy  of  clays  and  the  ceramic  arts,  by  J .  C.  Branner.    1^96«    1 14  pp. 
B  164.  Reconnaissance  on  the  Rio  Grande  coal  fields  of  Texas,  by  T.  VV.  Vaughan,  including  a  report 

on  igneous  rocks  from  the  San  Carlos  coal  field,  by  E.  C.  E.  Lord.    19(X).    100  pp.,  11  pis.     (Out 

of  stock.) 
B  178.  El  Paso  tin  deposits,  by  W.  H.  Weed.    1901.    15  pp.,  1  pi. 


f 


CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Bulletin  No.  327.J 

•*^^e  publications  of  the  Unite<l  States  Geological  Survey  consist  of  (1)  Annual 

^*^Port«,   (2)    Monographs,    (3)    Professional   Papers,    (4)    Bulletins,    (5)    Mineral 

***®o\irces,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 

*- ^tee-folios  and  separate  sheets  thereof,   (8)  (Geologic  Atlas  of  United  States — 

'^•'Og  thereof.     The  classes  nunil)ered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 

^^^^^rs  are  distributed  free.     A  circular  giving  complete  li.^ts  can  be  had  on  application. 

^X<)9t  of  the  al)ove  publications  can  l)e  obtained  or  consulted  in  the  following  ways: 

*  -    A  limited  number  are  delivereil  to  the  Director  of  the  Survey,  from  whom  they 

*^*^   "be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

*--    A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress 
"^'"  distribution. 

^^-  Other  i-opies  are  deposited  with  the  Superintendent  of  Docruments,  Washington, 
^-    C^.,  from  whoni  they  can  l)e  had  at  prices  slightly  alK>ve  cost. 

**-  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
"*>»-arie8  in  the  large  cities  throughout  the  United  States,  where  they  can  be  con- 
^*^l't«<i  by  those  interested. 

"X^he  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 

s*^t>jects  and  the  total  number  issued  is  large.     They  have  therefore  been  classified 

iri't:<D  the  following  series:  A,  Economic  geology;   B,  Des<'riptive  geology;  C,  Sys- 

t€*»x^tic  geology  and  paleontology;  D,  Petrography  and  mineralogy;   E,  Chemistry 

»xi.<l  physics;  F,  Geography;  (J,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 

s*'torage;  K,  Pumping  water;  L,  Quality  of  water;  M,  (ieneral  hydrographic  investiga- 

t^<'>nf;  X,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports; 

M,    Fuels;  R,  Structural   materials.     Tbis  paper  is  the  one  hundred  and  fifth  in 

^ries  A  and  the  one  hundre<l  and  twenty-ninth  in  Series  B,  the  complete  lists  of 

^•bich  follow  (PP= Professional  Paper;  B=Bulletin;  WS=Water-Supply  Paper): 

SERIKS  A,  ECONOMIC  GEOLOGY. 

B  21.  Lignites  of  Great  Sioux  Reservation:   Report  on  region  between  Grand  and  Moreau  rivers, 

Dakota,  by  Bailey  Willis,    isa').    16  pp.,  5  pis.     (Out  of  st«jck.) 
B  46.  Nature  and  origin  of  deposits  of  phosphate  of  lime,  by  R.  A.  F.  Penrose,  jr..  with  introduction  by 

N.S.Shaler.    1888.    143  pp.    (Out  of  stock.) 
B65.  Stratigraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by  I.  C 

White.    1891.    212  pp..  11  pis.     (Out  of  stock.) 
B  III.  Geology  of  Big  Stone  Gapcoal  field  of  Virginia  and  Kentucky,  by  M.  R.  Campbell.    18a3.    106  pp., 

6  pis.    (Out  of  stock.) 
B  132.  The  disseminated  lead  ores  of  southeastern  Missouri,  by  Arthur  Winslow.     1896.    M  pp.     (Out 

of  stock.) 
B  138.  Artesian-well  prospects  in  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.     1896.    228  pp.,  19  pis. 
B  m.  Geology  of  Castle  Mountain  mining  district,  .Montana,  by  W.  U.  Weed  and  L.  \'.  Pirsson.    J896. 

164  pp..  17  pis. 
B  143.  Bibliography  of  clays  and  the  ceramic  arts,  by  .1 .  C.  Branner.    1^96«    1 14  pp. 
B  164.  Reconnaissance  on  the  Rio  Grande  coal  fields  of  Texas,  by  T.  W.  Vaughan.  including  a  report 
on  igneous  rocks  from  the  San  (^arloscoal  field,  by  E.  (\  E.  Lord.     I'JOO.    ItXJ  pp.,  11  pis,     (Out 
of  stock.) 
B  178.  El  Paso  tin  deposits,  by  W.  II.  Weed.    1901.    15  pp.,  1  pi. 


.  Vrnti.    1901. 


Wl  |ri^,,  H  pip. 


bdL 


AUea, 


*  f»  plii»l 


B  1^.  Oisairrtma  and  4iAtflbi]1l69MKQxidiJun  Ut  VhiUd  Stat«i,  by  ^r, 

(Out  of  jituek;  Bw  Nft.  3».> 
B  isa»  A  rP|M>f t  im  th(s  iscummile  gi^olc^y  oJ  the  Sllyorton  quiwlrwiglfl,  CokitAd<»,  l^y  F.  L. 

lEtoi.    ^i  [ip..  Hi  pis.    fcint  nf  jJtrfick.) 
f*  iSi.  nil  Bjici  gii3tttJds  of  the  wiHHtrrn  mtr>t1f»r  anil  ti.»raipnj  Tcxas  roul  M«*Barf*^  itnd  ^vt  tho  i;pi(cr 

t'lfetuoonus  &nd  Tprtiarj  o(  tUf  wfstcm  Oulf  c^ou^^t,  by  G,  1.  A  ■tains.    100  L    M  pp»,  10  pb^    jl*ut 

of  ?iltfCk*> 
B  m.  The  ijpologicftl  relatitrfis  (Oitl  riifitrllmtitjiti  of  plMfeinmn  mitd  4flMKtl&t«*fl  mi^tnlsi  i^y  h  V.  Kemp. 

1003,    05  pp.,  6  pl». 
B  im.  TIh3  Bi-rvsi  grit  oil  utrnd  in  ttw  Ciullt  QuiwlrwjgK  Ohk),  by  IV,  T.  Ori^woM.    iim.    U  pp.,  1  |>L 

(Out  ot  stock.) 
PP  1,  Frelimliiiiry  report  ou  tbe  Kptf^lUk^u  mmLEig  distrLatp  AJu^ku,  with  uti  InimdactaTy  Aki*^li  nf  tli« 

geolog:y  ol  Bouthtyjatt'm  Alaskii,  by  A*  H,  nrrak**    l^L    VM\  PV-,  '-^  pls- 
B  20Q,  Ewouiuiaaaiioii  of  the  borax  depoatts  of  Tkvth  VoBcy  anil  MoImVG«  l>»ert,  l^^-  K,  K<  C'<ftmpbdL 

lmi2.    2;l  pp.*  I  [tl    (Out  of  st^rk.) 
B  202,  TeiKt^  Tvjf  gold  aud  HUT«r  in  Hbal«a  from  westeni  i^iLUftm.,  hy  Woklt^toar  Llndgnai,    intTi^    21 

{Out  of  atrjck.) 
PP  2.  llnc^niiaIsj4Lnc«  of  tbo  iiortliwe«1«m  portion  ol  toward  rteuiQiPUlat  AJiaflltii^  h}'  A.  J ,  ColUvr. 

PP  l().  ItnxiEumlijsaneo  from  FO'Ft  IlMJJiliii  to  KotiQbne  Souiidt  Alaska,  by  way  ol  DnJb  K«iJiutJ. 

nod  KoWftk  flvofST  hy  W.  t\  MendiiiihatL^    IDtiy,    (K  pp^^  '0  pis, 
PP  11,  Cluys  uf  thiy  VnllM  fitates  enet  nf  th*  Mls»lj»lpp]  Kiv^r,  hy  Hehirtoh  Rlra.    IMB.    ^i»*  pp 

(Oat  iL>f  atock)  J 

PP  12L  G4K)lc)gy  at  thtj  f  Uobe  cop|)«r  dbtrict^  ArlEonji,  by  F.  L.  Rhuhohh;.    1903.    Iflg  pp.,  27  pl«. 
B  2T2^  OU  nijldA  of  thi-  Tcxii«-Ui||L£bDB  GulT  Ctitftital  PlalQf  by  C.  W.  Itaypa  and  WUlbaa  K«tmi!idy. 

lara.    174  pp..  II  pTa,    (Out  of  stock.) 
B  2tS.  Contributions  tiJ  cconomlt:  gi>ologj%  1902:  S,.  f,  KTOmonn  and  C  W.  Ifayi'ii,  evolo^atii  In  f^hnr^ev 

IQOCi.    «Opp.     (Outof  etock.) 
PP  li.  tbc  mineral  resources  ot  the  Mount  Wrongell  diatrlct.  .\laska,  by  W.  C.  MtindimliMtl  und  K 

Schmdt-r.    bM*1.    71  pp,.  Id  plfl» 
B  318.  Cfial  reaources  of  the  /Vukon*  Alailka,  by  A.J.  Collier.    19t)a.    Tl  pp.,  6  pis. 
B  2Uli,  The  ore  dctponlta  ot  Tonopah,  Neyada  fprdlznlnAiy  report}}  by  J,  K»  Spurr,    liXXi.    3\  pj^.,  l 

{Out  of  ^4toc]t.|l 
PP  20«  A  Teci>nmiL#stuic«  In  ntirtliem  Al&fikjii  In  1901,  by  F.  L\  Schroder.    1004.    1^  pp.,  16  pia, 
PP  21.  Oeolejgy  imd  ore  d<?pofiita  of  ibe  Blsb«e  qii^rongle,  Arliu)na^  by  F,  h.  Eftaaorae.    i!MW.    HSg  p 

39  pis. 
B  aaS.  OyjiWJm  deposit P  In  thr  United  Btnt^p  by  G.  I.  AdAtna  and  otJt^rei*     l«(H.     13G  p|i,j  21  pin*    ( Out 

of  stock.) 
PP  24.  Zinc  and  lead  deposits  of  northern  Arkansas,  by  G.  I.  Adams.    1904.    118  pp.,  27  pis. 
PP  2').  Copper  de{)osits  of  the  Kncampment  district,  Wyoming,  by  A.  C.  Spencer.    1904.     107  pp.,  2  pis. 

(Out  of  stock.) 
B  225.  Contributions  to  economic  geology,  190.3,  by  S.  F.  I^mmons  and  C.  W.  Hayes,  geologists  in  charge. 

1904.    527  pp.,  1  pi.     (Out  of  stock.) 
PP  2C.  Economic  resources  of  the  northern  Black  Hills,  by  J.  D.  Irving,  with  contributions  by  8.  F. 

l':mmons  and  T.  A.  Jaggar,  jr.     1904.    222  pp.,  20  i)ls. 
PP  27.  A  geological  reconnaissance  across  the  Bitterroot  Range  and  (  learwater  Mountains  in  Montana 

and  Idaho,  by  Waldemar  I.indgren.     lOiH.     123  pp.,  15  pis. 
B  22^).  Tin  deposits  of  the  York  region,  Alaska,  by  A.  J.  Collier.     IIKM.    61  pp.,  7  pis. 
B  2.%.  The  Porcupine  placer  district.  Alaska,  by  C.  W.  Wright.     H^l.    35  pp.,  10  pis. 
B  2.38.  F.conomic  geology  of  the  lola  (luadrangle,  Kansas,  by  (I.  I.  Adams,  Erasmus  Ilaworth,  and 

W.  B.  (  rane.     1904.    8.3  i)p..  11  pis. 
B  243.  Cement  materials  and  industry  of  the  Unite<l  States,  by  E.  C.  Eckel.     190*).    .395  pp.,  15  pis. 
B  246.  Zinc  and  lead  deposits  of  nortliwe.stem  Illinois,  by  II.  Fo.ster  Bain.    1904.    56  pp.,  5  pis. 
B  247.  The  Fairhaven  gold  placers  of  .'Reward  Peninsula,  Alaska,  by  F.  II.  Molht.     1905.    85  pp.,  U  pis. 
B  249.  Limestones  of  southeastern  Pennsylvania,  by  F.  d.  Clapp.     19(J5.    52  pp.,  7  pis. 
B  Z'tO.  The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River  coal 

deposits,  by  G.  C.  Martin.     1905.    65  pp.,  7  i)ls. 
B  2.')1.  The  gold  placers  of  the  Fortymile,  Birch  Creek,  and  Fairbanks  regions,  Alaska,  by  L.  M.  Prindle. 

1901.    89  pp.,  16  pis. 
WS  117.  The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder.    1905.    59  pp.,  8  pis. 
PP  36.  The  lead.  zinc,  and  fluorspar  deposits  of  western  Kentucky,  by  E.  O.  Ulrich  and  W.  S.  T.  Smith. 

190.5.     218  pp.,  15  pis. 
PP  38.  Economic  geology  of  the  Bingham  mining  district,  Itah,  hy  J.  M.  Boutwell,  with  a  chapter  on 

areal  geology,  by  .Vrthur  Keith,  and  an  introduction  cm  general  geology,  by  S.  F.  Kmmons. 

190').    413  pp.,  49  pis. 
PP41.  Cteology  of  the  central  Copper  River  region,  .Vlaska,  hy  W.  C.  Mendenhall.     1905.     133  pp.,  20  j)ls. 


^  SERIES    LIST.  Ill 

B  2S5.  The  floonpar  deposits  of  soathern  Illinois,  by  H.  Foster  Bain.    19a5.    76  pp.,  6  pis.    (Out  of 

stock.) 
B2B6.  Mineral  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  R.  W.  Stone.     1906. 

86  pp.,  12  pis. 
B259.  Report  on  progress  of  investigations  of  mineral  resources  of  Alaska  in  1904,  by  A.  H.  Brooks 

and  others.    1905.    196  pp.,  3  pis. 
B260.  Contributions  to  economic  geology,  1904;  S.  F.  Emmons  and  C.  W.  Hayes,  geologists  in  charge. 

1905.  620  pp.,  4  pis. 

B  261.  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geologic^il 

SurveyattheLouisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  E.W.Parker,  J.  A.  Holmes, 

and  M.  R.  Campbell,  committee  in  charge.    1905.    172  pp.    (Out  of  stock.) 
B263.  Methods  and  cost  of  gravel  and  placer  mining  in  Alaska,  by  C.  W.  Purington.    1905.    273  pp., 

42  pis.    (Out  of  stock. ) 
PP  42.  Geology  of  the  Tonopah  mining  district,  Nevada,  by  J.  E.  Spurr.    1905.    295  pp.,  2 1  pis. 
PP43.  The  copper  deposits  of  the  Cllfton-Morenci  district,  Arizona,  by  Waldemar  Lindgren.    19a5. 

375  pp.,  26  pis. 
B2frl.  Record  of  deep-well  drilling  for  1904,  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch.    1905. 

106  pp. 
B265.  Geology  of  the  Boulder  district,  Colorado,  by  N.  M.  Fenneman.    19a=>.    101  pp.,  5  pis. 
B267.  The  copper  deposits  of  Missouri,  by  H.  Foster  Bain  and  E.  O.  Ulrich.    19a5.    52  pp.,  1  pi. 
B289.  Corundum  and  its  occurrence  and  distribution  in  the  United  States  (a  re\'i8ed  and  enhirged 

ediUon  of  Bulletin  No.  180),  by  J.  H.  Pratt.    1906.    175  pp.,  18  pis. 
PP  48.  Report  on  the  operations  of  the  coal-testing  plant  of  the  UniU-d  States  Geological  Survey  at 

the  Louisiana  Purchase  Exposition,  St.  Ix)uis,  Mo.,  1904;  E.  W.  Parker,  J.  A.  Holmes,  M.  R. 

Campbell,  committee  in  charge.    190C.    (In  three  parts.)    1,492  pp.,  13  pis. 
B275.  Slate  deposits  and  slate  industry  of  the  United  States,  by  T.  N.  Dale,  with  sections  by  E.  C. 

Eckel,  W.  F.  Hillebrand,  and  A.  T.  Coons.    1906.    154  pp.,  25  pis. 
PP49.  Geology  and  mineral  resources  of  part  of  the  Cumberland  Gap  coal  field,  Kentucky,  by  G.  H. 

Ashley  and  L.  C.  Glenn,  in  cooperation  with  the  State  Geological  Department  of  Kentucky, 

C.  J.  Norwood,  curator.    1906.    239  pp.,  40  pis. 
B277.  Mineral  resources  of  Kenai  Peninsula,  Alaska:  Gold  fields  of  the  Tumagnin  Arm  region,  by 

F.  H.  Moffit;  Coal  fields  of  the  Kachemak  Bay  region,  by  R.  W.  Stone.    1906.    80  pp.,  18  pis. 
B278.  Geology  and  coal  resources  of  the  Cape  Lisbume  region,  Alaska,  by  A.  J.  Collier.    1906.   54  pp., 

9  pis.    (Out  of  stock.) 
B279.  Mineral  resources  of  the  Kittanning  and  Rural  Valley  quadrangles,  Pennsylvania,  by  Charles 

Butts.    1906.    19S  pp.,  11  pis. 
B280.  The  Rampart  gold  placer  region,  Alaska,  by  L.  M.  Prindle  and  F.  L.  Hess.    1906.    54  pp.,  7  pis. 

(Out  of  stock.) 
B  282.  Oil  fields  of  the  Texas-Louisiana  Gulf  Coastal  Plain,  by  N.  M.  Fenneman.    1906.    146  pp.,  11  pis. 
PP51.  Oeolofiry  of  the  Bighorn  Mountains,  by  N.  H.  Darton.    1906.    129  pp.,  47  pis. 
B283.  Geology  and  mineral  resources  of  Mississippi,  by  A.  F.  Crider.    1906.    99  pp..  4  pis. 
B284.  Report  on  prr^n^ss  of  investigations  of  the  mineral  resources  of  Aliiska  in  1905,  by  A.  H.  Brooks 

and  others.    1906.    169  pp.,  14  pis. 
B2S5.  Contributions  to  economic  geology,  1905;  S.  F.  Emmons  and  E.  C.  Eckel,  geologists  in  charge. 

1906.  506  pp..  13  pis.     (Out  of  stock.) 

B286.  Economic  geology  of  the  Beaver  quadrangle,  Pennsylvania,  by  L.  H.  Woolsey.    1906.    132  pp., 

8  pis. 
B287.  Juneau  gold  belt,  Alaska,  by  A.  C.  Spencer,  and  A  reconnaissance  of  Admiralty  Island,  Alaska, 

byC.  W.Wright.      1906.    161  pp.,  27  pis. 
PP5i  The  geology  and  gold  deposits  of  the  Cripple  Creek  district,  Colorado,  by  W.  Lindgren  and 

F.  L.  Ransome.    1906.    516  pp.,  29  pis. 

PP55.  Ore  deposits  of  the  Silver  Peak  quadrangle,  Nevada,  by  J.  E.  Spurr.    1906.    174  pp.,  24  pis. 
B289.  A  reconnaissance  of  the  Matanuska  coal  field,  Alaska,  in  1905,  by  G.  C.  Martin.    1906.    34  pp., 

5  pis. 
B290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of  the  United  States  Geological 

Survey  at  St.  Louis,  Mo.,  1905,  by  J.  A.  Holmes.    1906.    240  pp. 
B293.  Reconnaissance  of  some  gold  and  tin  deposits  of  the  .southern  Appalachians,  by  L.  C.  Graton, 

with  notes  on  the  Dahlonega  mines,  by  W.  Lindgren.    1906.    134  pp.,  9  pis. 
B  294.  Zinc  and  lead  deposits  of  the  upper  Mississippi  Valley,  by  H.  Foster  Bain.    1906.  •  155  pp.,  10  i)ls. 
B295.  The  Yukon-Tanana  region,  Alaska,  description  of  Circle  quadrangle,  by  L.  M.  Prindle.    190(). 

27  pp.,  1  pi. 
B296.  Economic  geology  of  the   Independence  quadrangle,  Kansas,  by  Frank  C.  Schnider  and 

Erasmus  Haworth.    1906.    74  pp.,  6  pis. 
B497.  The  Yampa  coal  field,  Routt  County,  Colo.,  by  N.  :M.  Fenneman,  Hoyt  S.  Gale,  and  M.  K. 

Campbell.    1906.    96  pp.,  9  pis. 
B  298.  Record  of  deep-well  drilling  for  1905,  by  Myron  L.  Fuller  and  Samuel  Sanfonl.     lyor..    '2\*9  pp. 
B300.  Economic  geology  of  the  Amity  quadrangle  in  eastern  Washington  County,  Pa.,  by  Frederiek 

G.  Clapp.    1907.    145  pp.,  8  pis. 


B  9Cn.  Pi^ltttiitiiirr  »(Wtoiini  r}f  Ofil(lil4}M,  Biitllniy,  tmd  cvth#rtiiinLit«  dtsltieu  tn  pouUwrtt  :(»tiiIU,  bj 

r.  U  Buiiwmf.  with  ii(iic«  on  the  Miitthiitt»n  ^iHtrlt^t^  Uy  Q.  H.  Oarrpy  and  W.  H.  Kmmum. 

lIMJrt,    Wh».,  fi(*la. 
B  304.  Oil  ftD a  i^oB  tieldft  of  lireene  ConuitT,  Pa. .  b^-  ^Iph  W.£SlOEi«  Hild  Ft«ltilck  fi.  Clapp^    ISm.    I  tO 

pip.,  3  plft, 
PPS6.  aeogTBphf  atjrl  gt-'nii^y  of  4  fjortlon  itl  Mjiitbweatem  Wyotiifng,  with  pfi^tiiiit  n*fori*iicM*  tt> 

ccial  and  oil,  by  A.  C.  Vvateli.     iy07.     17K  pp.,  'Ji?  |>ln, 
B  30S,  A  g€olrtffio  r«!coiinjiL'iiwtic**  ItiufmihwtsiieniNi^viMliiMwUMiWUtni  t'liUfonilHi  l*y  S-  H.  a»JL    }^7. 

B  a09.  The  Sonta  rUrii  V*ak»y.  Piiente  Hills,  una  L(m  Afti*ei«  oil  dlfitrteii,  Kkiitht^m  r*ilifonilfl,  by 

(J,  n.KIdfHgcntid  RiLl[jh  AmoJd.     1907,    SWft  ni^ ,  ^^  V^^ 
B  31'2.  The  loten^tfioTi  l;«*tw«?<?ii  mfiiL-mb  iiinl  Watpr  Mttltlom,  wilb  ffpfeoldl  f«Je»nc«»  to  gwiU^cti?! 

phenomena,  by  E.  €.  Sullfvim.    ietr7.    mi  f»|J. 
B  3flS.  The  gt^niUMi  uf  Maine,  by  T.  Xebmu  J>alfr,  wllb  mi  intnidllutJon  by  G.  O.  Smith .    |W7,    ^,*  pt*.* 

b  .114,  Kef»ori  oJ  proirreaw  o/  liiY(.^Uir»tiiUn»  of  mln^tiU  nssoiirew*  of  Alfi^a  In  1906,  by  A,  H.  Urnol£« 

Biirl  r^tbi.^rs.    1907.    23r>pti.,  4  pis. 
SaiU*  CootributloDtt  to  ecoJicmilc  gi.'t.ilogy,  IWXJ!,  Tan  Jr  MntnlM  mid  tioumetals,  exoepl  InnUi  S* 

Emmrui*  find  E.  r.  E^'kid,  (ft;ohi^als  ill  obftngf,    1W7.    SOI  l«p  ,  4  pl«. 
WS  21J5.  (twilogj^  fttifl  watL»r  reMJurt-tsi  of  ll  poitlHi  oJ  tbu  MJ>«ouft  Rlvef  V«ll«y  til  nortb«ft«*Tii 

Nebrjiskn.  by  0.  K.  Cnnflrtu    ia(W.    —  pp*,  11  pl». 
WB  £10.  4xi^ibit;y  and  wuter  ive4»mr«{fij  uf  Xh^  lU-pubLtcitn  RIVvr  ViiI1p>*  tii  Kohmakw  i>nrl  »r|Jii^?4il 

artMis,  by  G.  E.  rimdm.    1907.    71  pp..  13  pJ*. 
BaiO,  ContrtbuUotia  to  tN!ono(m.i<j  jif««iogy,  ISW6,  l*iirr.  Hi  (>ml,  Iliriili*^  inut  inmL    M*  It*  t!i«tiptrtTii, 

geologic  tn  cbftm*.    1907.     biA  pp.,  2J  ph. 
B  Hn*  Pi^HTDinary  report  on  the  Santa  Marfu  uU  dijctrU^i,  ikmtn  hM\mm  Caimiy,  Cml,  by  H^Iph 

Arnold  aiirl  Rrrbc^rt  Ati^ltif^jn,    11^7.    (>§  pfi.,  2  pin, 
BSia,  Oeolugy  of  oil  andgi^jirlc^Msin  i^teubi^nvillt*,  BurgKt^iowu,  ikiul  fJtiijpsvlUc  r|ivM)mii9leh>  Ohio. 
WtMt  ViTKinfii,  an*l  PrnnjryWanl*.  by  W,  T.  (Ukwold  iiii4  M,  J,  MitniU    lUffr*    19(0  t»|i.,  13  pU 
B  3S0v  Th(^  Xkm  ot^iwu  diiitricl  of  L^dvilli^,  Culi>,.  by  b.  F.  l<^nimi>nH  ntvA  J.  I>.  Irvfltg*    lyiti*    76  pp^^ 

7pb. 
Ba^l.  Gcoltj^  and  ntl  n^vmriKii  i^f  the  i^minerkn4  dlftrl^t,  Sniim  It«rbA(«  Caritltr»  C^l,,  by  Ralpb 

ArtioLd.    1907.    I»]  pp.,  2(lpl& 
B  S2^  Cicolo^y  nnrl  oil  ft'tujunet  of  thi^Suiita  Matin  oil  dlittrk't.  B«n|«  IliLrlHtni  iTiDEinly,  Tjib,  by  K^lpli 

Amold  and  Rtib^rl  Aodif??»o«.    IU07.    liil  pp.j  2^  pR 
B.  32fl.  Tbe  Arknnsas  coal  fit*M,  by  A.  J.  Collier,  with  r&pc^rta  on  the  ^mletrntolt^y.  by  P»Ti4  White 

uiid  U.  11.  CJirty.     1907.    —  pp.,  (>p3s. 
B.  327.  Geologic  reconnaissance  in  Matanuska  an<l  Talkeetna  basins,  by  Sidney  Paige  and  Adolph 
Knopf.     1907.    71  pp.,  4  pis. 


sp:ries  b,  descriptivk  (;i:ol()<;y. 


B  23.  Observations  on  tlic  jiinction  between  the  Eastern  sandstone  and  the  Keweenaw  series  on 

Keweenaw  Point,  I>Jike  Stip«'rior,  by  K.  ]>.  Irving  and  T.  <'.  Chamberlin.     1HH.5.     124  pp..  17 

pis.     (Out  of  stock.) 
B  33.  Notes  on  geology  of  northern  ('alifornia.  by  J.  S.  Diller.     1H8<;i.     23  pp.     (Out  of  stock.) 
li  39.  The  upper  beaches  and  deltas  of  (Jlaeial  Lake  Agassiz,  by  Warren  Tpham.     ls87.    84  pp..  1  pi. 

(Outof  St<K'k.) 
B  40.  Changes  in  river  courses  in  Washington  Territory  due  to  glaciation,  by  Bailey  Willis.     1Sh7,     10 

I)p..  4  pis.     (Out  of  stock. ) 
B  45.  The  present  condition  of  knowledge  of  the  geology  of  Te.xas,  by  R.  T.  Hill.     1S,S7.     91  j»p.     (Out 

of  stock.) 
B  53.  The  geology  of  Nantucket,  hy  N.  .^.  Shaler.     1S89.    55  pp..  10  pis.     (Out  of  stoi'k.) 
B  57.  .\  geological  reconnaissance  in  southwestern  Kansiis,  hy  R<»bert  Hay.     1890.    49  pp.,  2  j>ls. 
B  5s.  The  glacial  boundary  in  western  Pennsylvania,  Ohio,  Kentucky,  Indiana,  and  Illinois,  by  (t.  F. 

Wright,  with  intro<luction  hy  T.  C.  Chamberlin.     1890.     112  pp..  8  pis.     (Out  of  st(K-k.  \ 
B  67.  The  relations  of  the  trai>s  of  the  Newark  system  in  the  New  Jersey  region,  by  N.  H.  Darton. 

1890.     82  pp.     (Out  of  stock.) 
B  104.  (Jlaciation  of  the  Yellowstone  Valley  north  of  the  Park,  hy  W.  11.  Weed.     1893.    41  pp..  4  pis. 
B  108.  A  geological  reconnaissance  in  central  Washington,  hy  I.  C.  Rus.sell.     1893.     108  pp.,  12  pis, 

(Out  of  stock.) 
B  119.  A  geological  reconnaissance  in  northwest  Wyoming,  hy  (\.  H.  Eldridge.     1894.    72  pp.,  4  pis. 
B  137.  The  geology  of  the  F'ort  Riley  Military  Reservation  and  vicinity,  Kansas,  by  Robert  Hay.    1896. 

35  pp..  8  pis. 
B  144.  The  moraines  of  the  Missouri  Coteau  and  their  attendant  dejMisits,  by  J.  E.  Todd.     189»>.  .71 

pp.,  21  pis. 
it  IfW,  The  rnvamUica  nf  wjiubeasiirn  Sonlh  Dakota  and  their  HiieinUiiin  ib'TMO^^its,  by  J.  E.  Tmld.    I*i*j9, 


SERIES    LIST.  V 

B165.  CcmtributionB  to  the  geology  of  Maine,  by  H.  8.  WilliamR  and  H.  £.  Gregory'.    1900.    212  pp., 

14  pis. 
WS  70.  Geology  and  water  resources  of  the  Patrick  and  Goshen  Hole  quadrangles  in  eastern  Wyoming 

and  western  Nebraska,  by  G.  I.  Adams.    1902.    50  pp..  11  pis. 
B199.  Geologyandwaterresourcesof  the  Snake  River  rial  ns  of  Idaho,  by  I.  <\  Russell.    1902.    192pp., 

25  pis. 
PP 1.  Preliminary  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory  sketch  of 

the  geology  of  southeastern  Alaska,  by  A.  H.  Brooks.    1902.    120  pp.,  2  pis. 
PP  2.  Reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska,  by  A.  J .  Collier.   1902. 

70  pp.,  11  pis. 
PP  3.  Geology  and  petrog^phy  of  Crater  Lake  National  Park,  by  J.  S.  Diller  and  H.  B.  Patton.    1902. 

167  pp.,  19  pis. 
PPIO.  Reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound,  Alaska,  by  way  of  Dall,  Kanuti,  Allen, 

and  Kowak  rivers,  by  W.  C.  Mendenhall.    1902.    68  pp..  10  pis. 
PP  11.  Clays  of  the  United  States  east  of  the  Missiasippi  River,  by  Heinrich  Rics.    1903.    298  pp.,  9  pis. 

(Out  of  stock.) 
PP  12.  Geology  of  the  Globe  copper  district,  Arizona,  by  F.  L.  Ransome.    1903.    168  pp..  27  pl.s. 
PP  13.  Drainage  modifications  in  southeastern  Ohio  and  adjacent  parts  of  West  Virginia  and  Ken- 
tucky, by  W.  G.  Tight.    1903.    Ill  pp.,  17  pis.    (Out  of  stock. ) 
B  208.  Descriptive  geology  of  Nevada  south  of  the  fortieth  parallel  and  adjacent  portions  of  Califor- 
nia, by  J.  E.  Spurr.    1903.    229  pp.,  8  pis.     (Out  of  stock.) 
B309.  Geology  of  Ascutney  Mountain.  Vermont,  by  R.  A.  Daly.    1903.    122  pp.,  7  pis. 
WS  78.  Preliminary  report  on  artesian  basins  in  southwestern  Idaho  and  southeastern  Oregon,  by 

I.C.Russell.    1903.    51  pp.,  2  pl.s. 
PP  15.  Mineral  resources  of  the  Mount  Wrangell  district,  Alaska,  by  W.  C.  Mendenhall  and  F.  C. 

Schrader.    1903.    71  pp.,  10  pis. 
PP  17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one  hundred 

and  thinl  meridian,  by  N.  H.  Darton.    1903.    69  pp..  43  pis. 
B217.  Notes  on  the  geology  of  southwestern  Idaho  and  southea.stern  Oregon,  by  I.C.Russell.    1903. 

83  pp.,  18  pis. 
B219.  The  ore  deposits  of  Tonopah,  Nevada  (preliminary  report) ,  by  J.  E.  Spurr.     1903.     31  pp.,  1  pi. 
PP20.  A  reconnaissance  in  northern  Alaska  in  1901,  by  F.  C.  Schrader.    1904.    139  pp.,  16  pis. 
PP21.  The  geology  and  ore  deposits  of  the  Bisbee  quadrangJe,  Arizona,  by  F.  L.  Ransome.    1904.    168 

pp.,  29  pis. 
W890.  Geology  and  water  resources  of  part  of  the  lower  James  River  Valley,  South  Dakota,  by  J.  E. 

Todd  and  C.  M.  Hall.    1904.    47  pp.,  23  pis. 
PP25.  The  copper  deposits  of  the  Encampment  district,  Wyoming,  by  A.  C.  Spencer.    1904.    107  pp., 

2pL8.     (Out  of  stock.) 
PP26.  Economic  resources  of  the  northern  Black  Hills,  by  J.  D.  Irving,  with  contributions  by  S.  F. 

Emmons  and  T.  A.  Jaggar,  jr.    1904.    222  pp.,  20  pis. 
PP27.  A  geological  reconnaissance  across  the  Bitterroot  Range  and  Clearwater  Mountains  in  Mon- 
tana and  Idaho,  by  Waldemar  Lindgrcn.    1904.    122  pp.,  15  pis. 
PP31.  Preliminary  report  on  the  geology  of  the  Arbuckleand  Wichita  mounuiinsin  Indian  Territory 
and  Oklahoma,  by  J.  A.  TafF,  with  an  appendix  on  reported  ore  deposits  in  the  Wichita 
Mountains,  by  H.  F.  Buin.    1904.    97  pp.,  8  pis. 
B235.  A  geological  reconnaissance  across  the  Cascade  Range  near  the  forty-ninth  parallel,  by  G.  O. 

Smith  and  F.  C.  Calkins.    1904.    103  pp.,  4  pis. 
B286.  The  Porcupine  placer  district,  Aia.ska.  by  C.  W.  Wright.    1904.    a^>  pp..  10  pis. 
B237.  Igneous  rocks  of  the  Highwood  Mountains,  Montana,  by  L.  V.  Pirsson.    1904.    208  pp..  7  pis. 
B238.  Economic  geology  of  the  lola  quadrangle,  Kansas,  by  G.  I.  Adams,  Erasmus  Haworth,  and 

W.  R.  Crane.    1904.    83  pp.,  1  pi. 
PP32.  Geology  and  underground  water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton.    1905. 

433  pp.,  72  pb. 
W^SllO.  Contributions  to  hydrology  of  eastern  United  States,  1904;  M.  L.  Fuller,  geologist  in  charge, 

1905.    211  pp.,  5  pis. 
B242.  Geology  of  the  Hudson  Valley  between  the  Hoosic  and  the  Kinderho«»k.  by  T.  Nel.sou  Dale, 

1904.    63  pp.,  3  pis. 
PP34.  The  Delavan  lobe  of  the  Lake  Michigan  glacier  of  the  Wisconsin  stage  oi  glaciation  and 

.    aiisociated  phenomena,  by  W.  C.  Alden.    1904.    106  pp..  15  pis. 
PP35.  Geology  of  the  Perry  Basin  in  southeastern  Maine,  by  G.  O.  Smith  and  David  White.    1905. 

107  pp.,  6  pis. 
B  243.  Cement  materials  and  industry  of  the  I'nited  States,  by  E.  C.  Eckel.    19<)'>.    395  pp.,  15  pis. 
B  246.  Zinc  and  lead  deposits  of  northeastern  IllinoLs,  by  II.  F.  Bain.    1904.    .=>6  pp..  5  pis. 
B  247.  The  Fairhaven  gold  placers  of  Seward  Peninsula,  Alaska,  by  F.  II.  Mofht.    1905.    85  i)p.,  14  pl.s. 
B  249.  Limestones  of  southwestern  Pennsylvania,  by  F.  G.  Clapp.    1905.    52  pp..  7  pl.s. 
B  250.  The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  Kiver  coal 

deposit,  by  G.  C.  Martin.    19<J5.    65  pp..  7  pis. 
B251.  The  gold  placers  of  the  Fortymile,  Birch  Creek,  and  Fairbanks  regions,  Alaska,  by  L.  M. 
Prindle.    1905.    16  pp.,  16  pis. 


I 


Wis  liw,  iJedlogy  and  wu l*^r  ressjurecs  uf  «  portion  of  i^sHt-cenlrttl  W«£Jitn£t<i»,  by  F.  C.  IZftlkinii, 

B  2Si.  Preliminary  report  im  tlit  geolotry  anil  wmter  rveotirces  of  centml  Qn^oo,  by  I.  C  Rnaiiell. 

Pf  3*t.  Thu  lead,  line,  and  fluorspar  deponibtyf  weatem  Keulw^kJ',  t»y  E.  O.  t^lrteh  *ad  W.iSh  Tfcijgi*f 

amith.    IWOS.    218  pp..  15  pK 
PP3^.  licoiiQiiile  gtjwlpgy  al  the  Blngbum  niinUig  district  oi  Utah,  by  J,  M.  ttdUtiNTdU  with  a  etmpl^^f 

on  arual  geolo^',  by  Arthur   Keith,  and   an  Lntroduotion   on  gon<*ml  gvuology,  by  S.  f. 

Emm  ana.    19(M.    413  pp..  4!i)  pU. 
PP  4U  The  getilogy  of  th\'  Cf*ntrid  Copijer  Rivar  n.^on,  AJaak«.»  hy  W,  t%  MitfMienliiill.    IfflS.    1.13  |i|^,, 

2Q  lilt. 
B  254.  Kwpon  o^I  pitJgrMS  In  the  g^^logjcal  neaurvey  ol   tlio  Cripple  Ci«ek  dlitrlct,  (^«loT«do,  liy 

Waldemiir  Lindgren  and  F,  L.  Ransonm.    1W4,    3ti  pp^ 
B  255.  The  fluorspar  deponitEt  of  i»<mthQm  Litinuls^  by  II.  Foster  Balii.    llniS.    7S  pp.,  6  pN,     COul  of    ,, 

stock.) 
B  2&L  Mineral  neaourMi  oF  the  Eldera  Hldgp  qimdmngle,  P^ennaylvanla,  by  R.  \V.  Ston^.    IWfi.   t^ 

B  'i57.  Gfjolo^y  nod  paleo[itQlog7  of  the  Judith  Hlver  beda,  by  T.  W^  Stantrm  uml  .r.  B.  Ifhtchi^r, 

&  chapter  on  t lie  foiflU  pl^nU.  by  F.  II,  Knowlton,    1^05.    174  pp..  If)  pb. 
PP  <3,  Oology  of  thf?  Tonopah  mining  district,  Kflvadj^^  by  J.  E.  Spurr.    lOOa.    aSS  pp.,  24  pU. 
WS  123.  (leology  and  undr^r^round  wHtiiF  tiondUlons  of  the  Jornada  iM  M uerto.  New  HffXlMip 

C.  R.  KEyea,    l\m.    42  pp.,  9  ph.    (Out  ol  etcct.) 
WS  lact,  t7ad(?TgrQUnd  wat«r>i  of  Salt  ELvor  Voll^.  Arizona,  by  W,  T.  Lea.    190Q.    IIH  pp..  24  pis. 
pl^  43.  ThecopptT  deposits  ol  riiftort-HorGncl,  Arizona,  by  Waldemut  Llndgt&n,   19QS.   :^3  pp.,  as 
B  2il5,  Gwlogy  or  the  Rouldi^r  di strict,  Colorado,  l>y  N.  M,  Fi?nnemim,    IH05,    101  pp.,  S  jjt,'*, 
D  307.  ThiAeoppcr  dt^prj^lts  of  MLssouri,  bj  LI.  F.  Bain  and  £.  O.  tllrich.    19Q5.    a^l  pp.,  )  pL. 
PP  44.  CndflrgToand  water  reootiTi?^  ol  Long  T eland.  New  York,  hy  A,  C,  V^tcb  and  othon.     11 

3»4pp.h34  plB. 
W3  14H.  Geiflogy  and  water  i^fiourctis  of  OklahDiuu,  by  C.  N.  Gould.    11Kii5,    17S  pp„  23  pU. 
B  270.  The  eonflgumticm  i.it  thu  rwJk  Otior  c>f  Greatef  Nb*  Yorlt»  tiy  W.  II.  Hohbs.    iros^  W  pp.,  ft 
B  272.  Taconlc  physiography,  by  T.  M.  Dale,    leos.    S2  pp.,  14  pis. 
PP  45,  The  geogTuphy  und  gc^ology  <tt  MA»ka,  a  sanimary  of  Rxl^ting  knowledge,  by  A.M.  Bioo] 

with  a  section  on  cUmate,  by  CLev(!knd  Abbe,  jr.,  and  a  topographic  ni4p  A&d  desertptii 

Iht^reof,  by  R.  M.  Gfx»do.    ISOA.    327  pp.,  34  pla. 
B  373.  The  drumlins  of  aoqthaaatfem  Wtfconalit  (pp?JimiEftry  paper),  bj  W.  C^  Alden.    1905.    4G  p] 

ftplji. 
PP  4TJ,  tieology  and  underground  water  resouice^  of  niirthern  LouiftlAn^  ai^il  sc^uthpm  >\rkanKiLf;,  by 

A.  1     ViiUch.     IW^'t.    422  pp.,  51  pis. 
PP  49.  Geology  and  mineral  resources  of  part  of  the  Cumberland  Gap  coal  field,  Kentucky,  by  G.  IT. 

Ashley  and  L.  C.  Glenn,  in  cooperation  with  the  State  Geological  Department  of  Kentucky. 

C.  J.  Norwood,  curator.    1900.    239  pp.,  40  pis. 
PP  30.  The  Montana  lobe  of  the  Keewatin  ice  sheet,  by  F.  II.  II.  Calhoun.    1900.    02  pp.,  7  pis. 
B  277.  Mineral  resources  of  Kenai  peninsula,  Alaska:  Gold  fields  of  the  Tuniagain  Arm  region,  by 

F.  II.  Mofht;   and  the  coal  fields  of  the  Kachemak  Bay  region,  by  R.  W.  Stone.    1900.    80  pp., 

18  pis. 
WS  154.  The  geology  and  water  resources  of  the  eastern  portion  of  the  Panhandle  of  Texas,  Ijy  C\  N. 

Gould.     1900.    04  pp..  15  pis. 
B  278.  Geology  and  coal  resources  of  the  Cape  Lisburne  region,  Alaska,  by  A.J.  Collier.     1900.     54  pp., 

9  pis.    (Out  of  stock.) 
IJ  279.  Mineral  resources  of  the  Kittanning  and  Rural  Valloy  quadrangles.  Pennsylvania,  by  Charles 

Butts.    190().     198  pp.,  11  pis. 
B  280.  The  Rampart  gold  placer  region,  Alaska,  by  L.  M.  Prindle  and  F.  L.  lless.    190(u    54  pp..  7  pis. 

(Out  of  stock.) 
B  282.  Oil  fields  of  the  Texas-Louisiana  Gulf  Coastal  Plain,  by  N.  M.  Fenneman.    1900.    14()  pp.,  11  pis. 
WS  157.  Underground  water  in  the  valleys  of  Utah  Lake  and  Jordan  River,  Utah,  by  G.  B.  Richard- 
son.    1900.    81  pp.,  9pl.s. 
PP  51.  Geology  of  the  Bighorn  Mountains,  by  N.  II.  Darton.     190().     129  pp.,  47  pis. 
WS  158.  Preliminary  reiM)rt  on  the  geology  and  underground  waters  of  the  Roswell  artesian  area, 

New  Mexico,  by  C.  A.  Fisher.     1900.    29  pp..  9  pis. 
PP  52.  Geology  and  underground  waters  of  the  Arkansas  Valley  in    eastern  Colorado,  by   N,  H. 

Darton.    190<;.    90  pp.,  28  pis. 
W.S  159.  Summary  of  underground-water  rescmrces  of  Mississippi,  by  A.  F.  ("rider  and  L.  C.  John.son. 

1900.    80  pp.,  0  pis. 
PP53.  GeoloKV  and  water  resources  of  the  Bighorn  basin,  WyoniiuK.  l)y  ('.  .\.  Fisher.     1900.     72  pp. 

10  pis. 
B  2H8.  Geology  and  mineral  resources  of  Missi.ssippi,  by  A.  F.  Crider.     19lH).    99  pp.,  4  pis. 
B  2>6.  Economic  geology  of  the  Beaver  quadrangle.  Pennsylvania  i. southern  Beaver  and  northwest- 


SERIES    LIST.  VII 

FPM.  The  geology  and  gold  deposits  of  the  Cripple  Creek  district,  Colora^io,  by  W.  Lindgron  and 

F.  L.  Ransome.    1906.    516  pp.,  29  pis. 
PP55.  Ore  deposits  of  the  Silver  Peak  quadrangle,  Nevada,  by  J.  E.  Spurr.    1906.    174  pp.,  24  pis. 
B2W.  A  reconnaissance  of  the  Matanuska  coal  field,  Ala.ska,  in  1905,  by  G.  C.  Martin.    1906.    36  pp., 

5  pis. 

W8 IW.  Underground  waters  of  Tennessee  and  Kentucky  west  of  Tennessee  River  and  of  an  adjacent 

area  in  Illinois,  by  L.  C.  (Jlenn.    1906.    173  pp.,  7  pis. 
B2SB.  Reconnaissance  of  some  gold  and  tin  deposits  of  the  southern  Appalachians,  by  L.  C.  Groton, 

with  notes  on  the  Dahlonega  mines,  by  VV.  Lindgren.    1906.    134  pp..  9  pis. 
B2M.  Zinc  and  lead  deposits  of  the  upper  Mississippi  Valley,  by  H.  Foster  Bain.    1906.    155pp.,  16  pis. 
B295.  The  Yukon-Tanana  region,  Alaska,  description  of  Circle  quadrangle,  by  L.  M.  Prindle.    1906. 

27  pp.,  1  pi. 
B296.  Economic  geology  of  the   Independence  quadrangle,  Kansas,  by  Frank  ('.  Schiader  and 

Erasmus  Haworth.    1906.    74  pp.,  6  pis. 
VS 181.  Geology  and  water  resources  of  Owens  Valley,  California,  by  Willis  T.  Lee.    1906.    28  pp., 

6  pis. 

B297.  The  Yampa  coal  field,  Routt  County,  Colo.,  by  X.  M.  Fenneman,  Hoyt  S.  Gale,  and  M.  R.  Camp- 
bell.   1906.    9'J  pp.,  9  pis. 
B8M.  Economic  geology  of  the  Amity  quadrangle  in  ea.««tern  Washington  County,  Pa.,  by  F.  G. 

Clapp.    1906.    145  pp.,  8  pis. 
B30S.  Preliminary  account  of  Goldfield,  Bullfrog,  and  other  mining  districts  in  southern  Nevada,  by 

P.  L.  Ransome;  with  notes  on  Manhattan  district,  by  G.  H.  Garrey  and  W.  H.  Emmons. 

1907.    98  pp.,  5  pis. 
B304.  Oil  and  gas  fields  of  Greene  County,  Pa.,  by  R.  W.  Stone  and  F.  G.  Clapp.    1907.    110  pp.,  3  pis. 
¥S  188.  Water  resources  of  the  Rio  Grande  Valley  in  New  Mexico  and  their  development,  by  W.  T. 

Lee.    1906.    59  pp.,  10  pis. 
B3(K.  Rate  of  recession  of  Niagara  Falls,  accompanied  by  a  report  on  the  survey  of  the  crest,  by 

W.Car\'el  Hall.    1906.    31  pp.,  11  pK 
PP56.  Geography  and  geology  of  a  portion  of  southwestern  Wyoming,  with  special  reference  to  coal 

and  oil,  by  A.  C.  Veatch.    1907.    178  pp.,  26  pis. 
B308.  A  geologic  reconnaissance  in  southwestern  Nevada  and  eastern  California,  by  S.  H.  Ball.    1907. 

218  pp.,  3  pis. 
B  309.  The  Santa  Clara  Valley,  Puente  Hills,  and  Los  Angeles  oil  districts  southern  California,  by 

G.  H.  Eldridge  and  Ralph  Arnold.    1907.    266  pp.,  41  pis. 
PP57.  Geology  of  the  Marysville  mining  district,  Montana,  a  study  of  igneous  intrusion  and  contact 

metamorphism,  by  Joseph  Barrel  I.    1907.    178  pp.,  16  pis. 
W8191.  Tbegeol(^y  and  water  resources  of  the  western  i)ortion  of  the  Panhandle  of  Texa.**,  by  C.  N. 

Gould.    1907.    70  pp.,  7  pis. 
B311.  The  green  schists  and  a.Hsociated  granites  and  porphyries  of  Rhode  Island,  by  B.  K.  Emerson 

and  J.  H.  Perry.    1907.    74  pp.,  2  pis. 
^  195.  Underground  waters  of  Mi.«5souri,  their  geology  and  utilization,  by  Edward  Shepard.    1907. 

221  pp.,  6  pis. 
WS  199.  Underground  water  in  Sanpete  and  central  Sevier  valleys,  Utah,  by  G.  B.  Richardson.    1907. 

63  pp.,  6  pis. 
VS'Jl.5.  Geolc^y  and  water  resources  of  a  portion  of  the  Missouri   River  Valley  in   northeastern 

Nebraska,  by  G.  E.  Condra.    1908.    —  pp.,  11  pis. 
VS216.  Geology  and  water  resources  of  the  Republican  River  Valley  in  Nebraska  and  adjacent  ureas, 

by  G.  E.  Condra.    1907.    71  pp.,  13  pis. 
B  J17.  Preliminary  report  on  the  Santa  Maria  Oil  district,  Santa  Barbara  County,  Cal.  by  Ralph  Arnold 

and  Robert  Anderson.    1907.    69  pp.,  2  pis. 
B31.H  Geology  of  oil  and  gas  fields  in  Steubenville,  Burgettstown,  and  Claysville  quadrangles,  Ohio, 

West  Virginia,  and  Penn.sylvania,  by  W.  T.  Griswohi  and  M.  J.  Muiin.    1907.    1%  pp.,  13  pis. 
BS19.  Summary  of  controlling  factors  of  artesian  flows,  by  M.  L.  Fuller.    1908.    —  pp.,  7  pLs. 
B320.  The  Downtown  district  of  Leadvillc.  Colo.,  by  S.  F.  Emmons  and  J.  I).  Irving.    1907.    75  pp., 

7  pis. 
B321.  G«Jology  and  oil  resources  of  the  Suranierland  district.  Santa  Barbara  (-otuity,  Cal.,  by  Ralph 

Arnold.    1907.    91  pp.,  20  pis. 
B  322.  Geology  and  oil  resources  of  the  Santa  Maria  oil  district,  Santa  Barbara  County.  Cal..  by  Ralph 

Arnold  and  Robert  Anderson.    1907.    101  pp..  2r.  pis.       , 
B326.  The  Arkama.s  coal  field,  by  A.  J.  Collier,  with  report**  en  the  paleontology,  by  David  White 

and G.  H.  Girty.    1907.    —pp.,  6  pis. 
B  B27.  Geologic  reconnaissance  in  the  Matanuska  and  Talkeetna  basins,  by  Sidney  Paige  and  Adolph 

Knopf.    1907.    71  pp.,  4  pis. 

Correspondence  shouUi  be  addressed  to 

The  Director, 

United  States  (Geological  Survey, 
VmcKMBBR,  1907.  Wa8Hin(;ton,  D.  C. 


GEOLn<;iCAL  ^ITRVKY  PUBLIC ATIONB  ON  ALASKA. 


r 


1891. 

Russell,  L  V.  A c4'/nmt  of  an  e x j letl i ti rm  in  the  Yu k on  V al le y  in  1 889,  In  F^ i y vei 
Ann.  K*'pt,,  pt.  1,  181^1,  |tp,  57-»^S.  Extrdwi  from  Frofesftr*r  Rnrjeeir^  a 
plete  rejwrt  m  Bull  Ue<iL  ^hi.  America,  vol  1,  1890,  jjp.  9i*-!62.  (Oti 
stock.  J 

Aet^iint  of  an  t-^xixHlitioii   to  tlm  vk-iiiitv  of  Mount  St,  Elia^  iu  18W, 

Twelfth  Aim.  lU>pt.,  pt,  I,  iHyJ,  pjn  5tMiL     A  full  n^pori  of  this  ^xp< 
tioii  ws^  jmbliehetl  in  Nat.  Goiig.  Majf,,  vol.  3,  181i2,  pp.  53-30:*.     (Oti 

18^»2. 
DalLj  U\  11.,  and  IIakruIt  G.  D.     Hummary  of  knowledge  of  NecK^ene  geologj 

Hayes,  C.  \\\  Aocotint  of  expetiitinn  throngh  tht*  Yukon  lUatrii't.  Jii  Thirteen 
Ann.  Kept.,  pit.  1,  18t>2,  pp.  91-^4.  A  complet*?  reprvrt  was  published 
Nat.  Oeop.  Mag.,  vol.  4,  1892,  pp,  117-162.     (Out  of  etj-K.'k, } 

RujteKLL,  L  C  Second  expedition  to  Mount  iSt.  Elias  In  ISfll,  In  Thirtwmth  A 
Rept,  pt  2,  18t)3^  pp.  l--^!.     (Out  of  stock.) 

1896. 
Daul,  ^^'.  H,     Report  on  coal  and  liffiiite  of  Alaska.     In  Seventeenth  Ann.  Rp' 

pt.  1,  mm,  pp.  7t3:^^mM5.    auitof  Htock.) 

B&iDi  H,  F,     Gkfier  Ray  ami  i*>j*  glaeieri*.     In  Bixteenth  Ann.  Kept.,  pt,  1,  1^ 

pp.  4  1h'>^46  1 .     ( Out  of  E^touk, ) 
WAiximT,  C.  Dh  ,  Diffrfor.     Accouut  of  an  invt^tigatioii  of  the  gold  and  coal  depo 

of  sonthern  Alas^ka.     In  Seventeenth  Ann.  Eept.,  pt.  1,  1896,  pp.  5tJ- 

(Out  of  etockO 

1M07. 


WAUxnr,  C,  D.,  IHredor. 
Yukon  reffion. 


Acconnl  f»f  a  rectjinnaif'panot^  of  the  gold  dletrict  of 
In  Eighteenth  Ann.  Rept,  pt,  1,  189/,  pp.  52^54. 

1898. 

Becker,  G.  F.  Reconnaissance  of  the  gold  fields  of  southern  Alaska,  with  so 
notes  on  general  geology.     In  Eighteenth  Ann.  Rept.,  pt.  8,  1898,  pp.  1- 

Spurr,  J.  E.,  and  Goodrich,  H.  B.  Geology  of  the  Yukon  gold  district,  Ala.^ka, 
Joaiah  Edward  S|)urr;  with  an  introductory  chapter  on  the  history  and  c 
dition  of  the  district  to  1897,  by  Harold  Beach  Goodrich.  In  Eighteei 
Ann.  Rei)t.,  pt.  3,  1898,  pi>.  87-392. 

Walcoti^  C.  I).,  Dlmioi:  Account  of  operations  in  Alaska  in  1898.  In  Nineteej 
Ann.  Rept.,  pt.  1,  1898,  pp.  20,  53,  1K>-117.     (Out  of  stock.) 

Maj)  of  Alaska,  showing  known  gold-bearing  rocks,  w  ith  descriptive  text  contain 
sketches  of  the  geography,  geology,  and  gold  deposit*^  and  routes  to 
gold  fields.  Prepared  in  accordance  with  Public  Resolution  No.  3  of 
Fifty-fifth  Congress,  second  session,  approved  January  20,  1898.  Prin 
in  the  engraving  and  printing  division  of  the  United  States  (ieological  J^ 
vey,  Washington,  I).  C,  1898.  44  pp.,  1  map.  A  special  puhlicati 
The  data  were  brought  together  by  S.  F.  Emmons,  aided  by  \V.  H.  I 
and  F.  (•.  Schrader.     (Out  of  stock.) 

1899. 

Wauoit,  C.  D.,  Dinrtor.  Account  of  operations  in  Alaska  in  1898-99.  In  Twenti 
Ann.  Rept.,  pt.  1,  1S1)9,  i)p.   12,  52-r)3,  97,   12G-134.     (Out  of  stock. ) 

Maps  and  descriptions  of  rouj:es  of  exploration  in  Alaska  in  1898,  with  general  in) 
mation  concerning  the  Territory.  (Ten  niajts  in  accompanying env«dop 
Prepared  in  accordance  witii  Public  Resolution  No.  25  of*  the  Fifty-li 
Congress,  third  session,  approved  March  1.  1S99.  Printed  in  the  engr 
ing  an<l  i)rinting  division  of  the  United  States  Geological  Survey,  Wa 
iij^tiiti^  1K  i\,  \^\i^l  pis  pp,,  10  maps  in  iircompMnying  cnvrl^jte. 
i^pcciat    ]iii!slii'ation.     ContriiintMrs:    (i.    IP    llldridge,    Roljert    3tnldrt 


PCBLICATIl»yS   OX    ALASKA,  IX 


lv*>f. 


Baker,  Marcts.     Alaskan  Cfupra}»hii-  rianje?-.     In  T'srfnTv-nrj.i  Ann,  Rtp:..  }»u  2, 

1900,  pp.  487-<»(iH. 
Bpooks.  a.  11.     A  peionnaiiwancv  iron.   IS-raniid   HaT]*.*!-  iV'   Ea*r"k-  i'iiy.  AiAska, 

inclnding  a  d«^Ti piion  oi  \hr  i ■- ■] •; ktt  -ir] •- 1^:^^  •  -f  i i it-  r. j •] ht  Vv } ri: t-  avA 

Tanaiia  rivers.      In  TwrMy-iiTvi  Anr;.   R^-ja..  ].t.  -,  "IH-**'.  j  ]..  ;o^-;^l. 
A  reconnaif»an(v  in  \hv  TiUiana  hti>\  Whiv  Riwr  lia^:n>.  .\i«-ka.  iii  'SviS. 

In  Twentieth  Ann.  Reja..  }•:.  7.  1^>'.  ].]..  -l-V^H-J.       *  »n:  o!  Mvk. 
Eldridge,  G.  H.     A  reix-innaissanve  in  iIi*-  Mi-i.i'iia  Uif-ii.  aii«i  ;.ii..:..v!U  itrri:..r\. 

Alatika,  in  lsC|^i.     In  T»-mitth  Am..  Rr].:..  v*   "■  l^»".Vj'.  1-i^'. 
Gaxxett.  H  EX  BY .     A  It  it  a«3e?  in  A  la-ka .     Wn'A.  N .  •    Mv».  1  **  fc  •.  1  >'  j  -  j  • . 
Me.ndenh.\ll,  W.  C.     A  retx'nnai-isaiji'r  iV.-iu  Rt>urTv..n:<ii  liay  t..  iht-  Tanana  Rivtr, 

Alaska,  in  lSi*8.     In  Tnemieih  Ami    Rri-i..  }'i.  7.  h««»-»,  i-j-   lVvS-:;4h. 
RoHx,  Oscar.     A  Peit>nnai?san*v  of  tiit- *  hi'iiia  Riwr  a:»'i  iht-  Sk-lai   M.'UTJtAin*. 

A laska.    1  n  T went y-iiivt  A  ni j  .  Re]  -i . .  j  •! .  i' .  ]  ^ ^n'l.  ]  - j ..  ?.•  «-:>+.  \.     « » ii t .  i  >: ,  »i  k . 
ScHRADER,  F.  C.     A  recf.»nnai8saii'*  «.'i  a  jian  '.'f  I'riniv  Wi-iiam  >iiiir,.j  h:j'1  Ti.t- 1 -.'p- 

l)er  River  distrit-t.  Alaska,  in  isvv     In  Twentifth  Ann.  Rt-pi..  ]>\.  7.  lv«iH>, 

pp.  341-123.      i<>nt  of  Ft.Mk. 

Pivliminary  rej»f»rt  vn  a  ret*"niiai?«an'-i'  al--ni:  the  Chan-ilar  auri  K'iyi;knk 

riven?,  Alaska,  in  lf<y^.     In  Tweniy-rlrsi  Anii.  lU-pt..  pt.  J.  :v^'t'.]»p  441 -4ns. 
and  Bk(x>kk  A.  H.     Preliminan-  ivp-n  "Ti   tlie  Ca]ii'   N-  nu*  trol-:  rii:i«-n. 

Alaska,  with  nia^is  an*!  il lustra ti"ii-.     Wa-}iii.in"n.  ^i'lVt-ninit-iit  IV;ii*ii:c 

Ofl5ce,  19<0.     56  pp..  >*  majr-.  an-i  V'  j.j-.     A  >i-^-.'ial  I'uMiv::!!].  n. 
BiTRH,  J.  K.    A  reconnaif«ani<^ in  H •uth'R t^tcm  Ala.^ka  in  1SV*S.     In  Twentieth  Ai.n. 

Rept.,  pt.  7,  1900,  I'p.  :S1-L*^. 
Wauh ht,  C\  I ). ,  Direrfor.    A ec-  -unt  <  'f  •  ■  j -era t i •  .n -  i i .  A ia^ka  : n  1  >9i^  1 14 Kf.     1 1 ;  T \\ « i ; t y- 

firet  Ann.  Rei»t.,  pt.  ].  }^KK  T-p.  :7->.  *-♦.   ]4-^-149. 

]'.-«.''l. 

Bbookh,  a.  H.  An  occurrence  '•!  gtreaLri  tin  in  tiie  Y'^k  rf-ci<»n,  Alaska.  In  Min- 
eral Resources  of  the  U.  S.  f.-r  li*>i».  li*'l.  ]*\'.  i't>7-J71.  Piil.li-hoi  aU"*  as 
a  seiiarate.  Washimrt^n.  <frivemm»riit  I'riutintr  <  Hiic-e.  1^"»1.  ;N)Vi*r  an«i 
pp.  1-5. 

The  coal  reeources  <.)f  Ala.*ka.     In  TwwiTy-r^-i.n«l  .Ann.   Rt-pi..  pT.  N,  U*t>l, 

pp.  515-^71. 
.  Richardson,  (4.  B.,  aii<i  Colliek.  A.  J.     A  rf-f-«innair5sanc-<'  of  tht-  i  ajv  N«»nie 

and  adjacent  jrnlil  field*  ^»f  >^.\ar'l  I*<*iiiij*iil:t.  .\i:i-ka.  in  1^*«n».     In  a  •fjK'iia] 

publication  entitleil  *"  R*^'*«»iiijai*-aij'^:-  in  Ux*-  <  ':%]**:•  N«'iije  aii«i  X«»rti«ii  li;iy 

rejjrions.  Alaska,  in  l^m.*"    \ViL-hiiij.^«Tj.  «iM\>-niiiient  TrintinL'  <  »liitv.  iv^'l, 

pp.  1-180. 
Mexdexiiall,  W.  C.     a  rei-onnaiirsam-*-  in  tJj-  X.-rton  Hay  rtnri«»n.  Alaska,  in  1V*X>. 

In  a  sptH-ial  puhlii-aiiiui  i-ntitle-l  '•  Re'-«.»nnai»an*-t^  in  the  ("ajtt-  Numo  and 

Norton  Bav  rejrions.  Alaska,  in  ]'*^K"    Washin^ftMU.  t  ir.vernint'nt  IVnitin^ 

Office,  190*1,  i»p.  1M-1'1»<. 
SiitRADEK,  F.  C,  and  iifPEXCEK.  A.  <'.     Th»'  fire<il««jry  and  inint-ra]  reHMinv?*  «»f  a  jH>r- 

t ion  of  the  CopiH-r  River  distriit.  Ala-ka.     A  sjK-rial  jinMi»ali'»n.     Wasli- 

in^on,  (iovemnient  Printing' <»Jru-«'.  1-*^»1.  ]>]:  ]-\*4. 
Waix-ott,  C.  I).,  Director,    A<<-«'Unt  r.f  ..j,«-rati«.n>  in  Ala-ka  in  r.'lX»-P*<fl.     In  Twentv- 

second  Ann.  Rept.,  pt.  1,  lV<il.  j.^.  :V=>.  avi*'.*.  144.  ltk>-17M. 

Brooks,  A.  H.     Preliminary'  refK^jrt  '-n  tlie  KK^hikan   niinini:  di.^strict.  Ala.'ska.  with 

an    intrfKinctorv    sket<-ii  (*i  the  '^t-* t]< rjv  of  southeastern    Alaska.     Pri>f. 

Pajier  No.  1,  19(>2,  pf..  1-lL'o. 
Collier,  A.  J.     A  recoi»nais}?anr»-  ni  tht-  n«"rthw»'st«'ni  jM.rtinn  «»f  Sewaril  Peninsula, 

Alaska.     Prof.  Paj^er  No.  2.  V.^yJ,  pj..  1-70. 
Menhenhall,    W.    C.     a   re<;oniiais>anrf   fmni    K«Tt    Hamlin  ti»    Kotzehut*  Sound, 

Alaska,  bv  wav  of  Dall.  Kanuti,  Allen,  and   Knwak  rivers.     Prof.  PajnT 

No.  10,  19()2,  pp.  1-»W. 
Walcott,  C  D.,  Dlrerfor.     Arcount  of  o|ierations  in  .\iaska  in  H*01-2.     In  Twentv- 

third  Ann.  Rept.,  PK)2,  i»p.  '20,  21,57.  71-S2,  Wd. 

Baker,  Marcus.     Geographic  <liPtionarv  nf  Alaska.     Tmll.  No.  1S7.  1W2.  !>]>.  l-44<>. 
Brtm^ks,  a.  II.     Placergold  minin;:  in  -Vlaska  in  nH)2.     In  Hull.  No.  21S,    WHVX  pp. 

41-48.      fOutofstrnk.  ) 
Stream  tin  in  Alaska.     In  Hull.  No.  213, 1903,  pp.  92-9:^».     ^Out  of  st.K-k. ) 

13070— Bull.  ::27— 07 (J 


PtTBUCATlUWB   4>N    ALASKA, 


CoLLiieiv  A.  J.     Coal  repinir*'i*  of  tlie  yiikoa  basin,  Alaska.     In  Bull.  No,  2Vd,  l! 

pp.  27&-28:i.     ( i  Hit  i*f  stock .  ) 

The  ciml  rt«ourL^*ii  ol  I  ho  Yukon,  Alaska.     Bull,  No.  218,  1903,  pp.  U71. 

Th**  Glenn  Crt*k  gold  a  lining  dbtriet,  Alaska.     In  Bull.  Nt>.  2V.i,  K*03,  pj 

49-60.     (Out  of  «tock.) 
Mkkdknhali.,  VV.  0.     The  Chitttot-hina  gold  field.  Alaska.     In  EuJl.  No,  I'la,  ]m 

pp.  TI-75.     (Out  of  atjjck, ) 
and  Jk-'URAnER,  F.  C.    Copper  depoaite  ol  Mount  Wraogell  region,  Abipkj 

In  Bull.  No.  213,  19(33,  np.  141-148.     (Out  of  ^U^k,} 
— The  mineral  resourcve  of  tne  Mount  WmuRell  di^rict,  Aluaka.     Priif,  Vupts 

No.  15,  lW:ii,  pp.  I'Tl. 
WALttjm-,  C.  D.,  Dirwior.     At'coant  of  o|.HirHtiona  in  Alaska  iji  1902-:i.     In  TwentyH 

lourtli  Ann.  Rapt,  1903,  ]>p.  78^107,  UiT,  256. 


PP 


]1fMl4. 

Brooks?,  A.  II.     Placer  gold  mining  In  Alaska  in  10t>3.     In  Bull.  No.  225,  K*04,  pp 

43-5^> 
CoLLiRR,  A.  J.    Tin  deposits  of  Ihe  York  region,  Alaska.     In  Bull  No.  225,  IH 

pp.  l5'Hn7. 

Tin  rleptKPjts  of  the  York  region,  Alaska.     Bull.  No.  229. 

M  AJtTtif ,  6.  C^     Petroleum  fields  of  AUiska  and  the  Bering  River  coal  field.     In  Bul}j 

No.  225,  19(14,  i*p.  3H5-a82. 
MoFFiT,  F.  H.     The  Kotzebue  plm*er  gold  field  of  SewaTd  PeninsulA^  Alat^lLa.     Ig$ 

Bull  No.  225,  19<J4,  pp.  74-8(1. 
Prin^dle,  L.  M.     do  111  jdflivrs  of  thu  FaiHmnkii  distriet,  Alaska.     In  EulU  No.  225— 

!9f.l4,  pp.  fM-73. 
ScunADKR,  Fh  C.J  and  PerKns,  W.  J.     A  reconnam'mnce  in  northeni  Aliuska,  acra^ 

the  Rocky  Mountains,  aloug  the  Ko\'ukuk,  John,  Anaktuvuk,  aiad  Col— 

ville  riven^,  and  the  Aretie  coast  to  Cape  Liii*l>ume,  in  lyOl.     Prof.  Pai>eM 

No.  2(J,  HUM,  pp.  1-1311. 
8p«».T^  a.  C.     The  Juneau  gold  l>elt,  Alaska.     In  Bull.  No,  22^,   1904,  pp.  2H^2- 
\VAU"orr,  C.  !>.,  Dirertor.     Aero  out  of  operatioTiw  in  Ala^^ka  in  B*03-4.     In  Twentv— 

fifth  Ann.  Kept.,  UHM,  pp,  m-m,  ;^IJ,  :^8,  il52,  854. 
WRi*;riT,  C.  W.     The  Porcupine  plaeer  mining  distriet,  Alaska,     In  Bull,  No.  235^ 

iMiu,  p|i.  m-m. 

The  Porcupine  placer  district,  Alaska.     Bull.  No.  236,  1904,  pp.  1-35. 

1905. 

Brooks,  A.  H.     Administrative  report.     In  Rei)ort  on  progress  of  investigations  o^ 
mineral  resources  of  Alaska  in  1904:  Bull.  U.  S.  Geol.  Survey  No.  259,  11K)5, 
pp.  l.S-17. 

Placer  mining  in  Alaska  in  1904.     In  Bull.  No.  259,  1905,  pp.  18-.S1. 

Collier,  A.  J.     Coal  lields  of  the  Cape  Lisburne  region.     In  Bull.  No.  259,  PJ05,  pp. 

172-185. 

Gold  mine  on  Unalaska  Island.     In  Bull.  No.  259,  1905,  pp.  102-103. 

Recent  developments  of  Alaskan  tin  deposits.     In  Bull.  No.  259,  1905,  j)p. 

120-127. 
Maktix,  G.  C.     Bering  River  coal  field.     In  Bull.  No.  259,  1905,  pp.  140-150. 

Cape  Yaktag  placers.     In  Bull.  No.  259,  1905,  pp.  88-89. 

Gold  deposits  of  the  Shumagin  Islands.     In  Bull.  No.  259, 1905,  ])p.  100-101. 

Notes  on  the  petroleum  lields  of  Alaska,     in  Bull.  No.  259,  1905,  pp.  12S-1.S9. 

The  petroleum  fields  of  the  Pacitic  coast  of  Alaska,  with  an  account  of  the 

Bering  River  coal  deposits.     Bull.  No.  250,  1905,  pp.  1-^)4. 
Mendknhall,  W.  C.     (ieologv  of  tlie  central  (Vip]>er  Rivcf  region,  Alaska.     Prof. 

Paper  No.  41,  1905, 'pp.  1-133. 
MoFFiT,  F.  H.    (iold  placers  of  Turnagain  Arm,  Cook  Inlet.     In  Bull.  No.  259,  1905, 

j)p,  90-1)9. 

Tlie  Fairhaven  gold  placei-s  of  Seward  Peninsula.     Bull.  No.  247,  j)]).  1-S5. 

pRiNOLE,  L.  M.     The  gold   placers  of  the  Fortvmile,   Pirrh  Creek,  and  Fairbanks 

regions.     Bull.  No.  251,  1905.  j)p.  1-S9. 

and  Hess,  F.  L.     Rami)art  i)lacer  region.     In  Bull.  No.  259,  1905,  pp.  104- 

119. 
pL|[iMJTi"N,  CV  W,     MelhoilH  uiul  I'uf^ls  r»f  guuf]  And  \tUnrr  niining  in  Ahlf^ku.     JUill. 


PUBLICATIONS    ON    ALASKA.  XI 

Wau-ott,  C.  D.,  Dhedor,    Account  of  operations  in  Alaska  in  UH)4-5.     In  Twentv- 

fiixth  Ann.  Kept,  1905,  pp.  7:i-80. 
VTrhsht,  F.  E.  and  C.   W.     Economic  developnienta  in  soiitlieasteni  Alaska.     In 

Bull.  No.  259,  1905,  pp.  47-()8. 

190(5. 

Bakeb,  M.,  and  McCormick,  J.  C.  ( ifeographic  dictionary  of  Alaska,  set»ond  edition. 
Bull.  No.  299,  1906,  pp.  1-690. 

Bbookh,  a.  H.  The  geography  and  geology  of  Ala^^ka,  a  summary  of  existing  knowl- 
edge, with  a  section  on  climate,  by  Cleyeland  Abbe,  jr.,  and  a  to[H)grapliic 
map  and  description  thereof,  by  k.  IT.  (Jooile.  Prof.  Paper  No.  4o,  H^OH, 
pp.  1-327. 

Administrative  report.     In  Report  on  progress  of  investigations  of  mineral 

rej?ourceH  of  Alaska  in  liK)5:  Bull.  V.  S.  (ieol.  Survey  No.  2S4,  ll»()f>,  pp.  1-3. 

The  mining  industry  in  1JK)5.     In  Hull.  No.  284,  \\m,  pp.  4-y. 

Railway  routes.     In  Bull.  No.  2H4,  UK)6,  pp.  10-17. 

Collier,  A.  J.     Geology  ami  coal  resources  of  (^ape  Lisburne  region,  Alaska.     Hull. 

Xo.  278,  1906,  pp.  1-54. 
Grant,  U.  S.     Copper  ancl  other  mineral  resounes  of  Prince  William  Sound.     In 

Bull.  No.  284,  190(5,  pp.  78-87. 
Hess.  F.  L.    The  York  tin  region.     In  Hull.  No.  284,  190(),  pp.  145-157. 
MvRTix,  G.  C.     Markets  for  Alaska  coal.     In  Hull.  Xo.  284,  1900,  pp.  18-27. 

Distribution  and  character  of  the  Bering  Kiver  coal.     In  Hull.  Xo.  284, 1906, 

pp.  65-76. 

Preliminary  statement  on  the  Matanuska  coal  field.     In  Hull.  No.  284,  1906, 

pp.  88-100. 

Reconnaissance  of  the  ^latanuska  i*<)al  field,  Alaska,  in  1905.    Hull.  Xo.  289, 

1906,  pp.  1-36. 
MoFFiT,  F.  H.     Gold  mining  on  Seward  Peninsula.     In  Bull.  No.  284, 190(),  pp.  132- 
141. 

and  Stone,  R.  W.     Mineral  resources  of  the  Kenai  Peninsula;  Gold  fields  of 

the  Tumagain  Arm  region,  by  F.  H.  Moflit,  pp.  1-52;  Coal  fields  of  the 
Kachemak  Bay  region,  by  R.'W.  Stone,  pp.  5.3-73.     Hull.  No.  277,  1906, 
pp.  1-80. 
Paige,  Sidney.     The  Herendeen  Bay  c(^al  field.     In  Hull.  Xo.  284, 190(5,  pp.  101-108. 
Pbi\i»le,  L.  M.     Yukon  placer  fields.     In  Hull.  Xo.  284, 19()(},  pp.  UH»-127. 

The  Yukon-Tanana  region,  Alaska;  (lescription  of  Circle  <iuadrangle.     Hull. 

No.  295,  1906,  pp.  1-27. 

and  Hkss,  F.  L.     The  Kampart  goM  placer  region,  Alaska.     Hull.  Xo.  280, 

1906,  pp.  1-54. 
i*HE.\('KR,  A.  C,  and  Wright,  C.  W.     The  Jum^an  jrold  belt,  Alaska,  by  A.  C.  Spencer, 
pp.  1-137;  an<l  A  reconnaissance  ot  Admiralty  Island,  Alaska,  by  C.  \V. 
Wright,  pp.  138-154.     J^uU.  No.  287,  UH){\.  pp.*l-l(}l. 
'^ToNK,  R.  W.     Rec^onnaissance  from  Circle  to  Fort  Hamlin.     In  Hull.  Xo.  284,  li»0<>, 

pp.  128-131. 
T.vKR,  R.  8.     The  Yakutat  Hay  region.     In  Hull.  Xo.  i.>84,  190(>,  pp.  ()l-<>4. 
IVau-ott,  C.  D.,  Director.     Account  of  operations  in  Ahuska  in  IiM)5-().     In  Twenty- 
seventh  Ann.  Rept.,  H>0<>,  pp.  25-27. 
Wright,  C.  W.      Nonmetalliit  deposits  of  .«outheafitern   Alaska.     In  Hnll.  Xo.  2S4, 

1906,  pp.  55-60. 
WRi«iiiT,  F.  E.  and  C.  W.     Ixxle  mining  in  soutliejistcni  Alaska.      In  Hull.  Xo.  284, 

1906,  pp.  30-53. 

UM)7. 

Black WKLDER,  Eliot.     Reconnaissanct^  on  the  Pacific  coast  from  Yakutat  to  Alsek 

River.     In  Bull.  No.  314,  1907,  pp.  82-S8. 
BaociKs,  A.  II.     Administnitiye  rei>ort:   In  Report  on  progress  of  investigations  of 

mineral  reeNjurces  of  Ala.^ka  in  11H)6:     Hull.  V.  S.  (ieol.  Survey  Xo.  314, 

1907,  pp.  11-18. 

The  mining  industry  in  190().     In  Hull.  Xo.  314,  1907,  pp.  19-39. 

The  Kougarok  region.     In  Hull.  No.  314,  1907,  pj>.  164-181. 

The  Circle  prc»cinct.     In  Hull.  Xo.  314,  1!K)7,  pp.  187-204. 

Hoyt,  J.  C,  and  IIen.hhaw,  F.  F.  Water  supply  of  Xome  region,  Seward  Peninsula, 
Alaska,  190t>.     WatiT-Supply  Paper  Xo.  VM\.  1907,  pp.  1-52. 

Water  supply  of  Nome  region,  Seward  Peninsula,  HK)6.     In  Hull.  Xo. 

314,  1907,  pp.  182-186. 

Martin,  Ct.  C.     The  Alaska  cfuil  fieNls.     In  Hull.  Xo.  314,  11>07,  i)i).  40-46. 

Petroleum  at  Controller  Hav.     In  Hnll.  Xo.  314,  1907,  pp.  si>-103. 


Xll  PITBLICAIIONS   ON    ALASKA. 

MarPit,  R  IL     The  No«je  i^ion.     In  BnlL  314,  1907,  pp.  12f5-145, 
pJiUJEt  H.,  arid  Kxopf,  A.     Gpoloj^ic  reconniJiBsanoe  in  tut*  Matanuska  and  Talket^ 
basins.     Bull.  No.  'Ml,  Un:v7,  pp.  1-7  L 

EetxsnnaisBaiii^  in  the  Matanuska  and  Talke*^tna  basins^.     In  BulL  No.  3 

1907,  pp.  104-125. 
Patt^DL^  L.  M.     Tlie  Bonnitield  and  Kantisbna  regiojii.     In  Bull.  No,  314,  ISJ 

Smith,  P,  S.     Gold  fields  of  the  Solomon  and  Ninkhik  river  baj*inH,     In  Bull.  ] 
314,  1P07,  pp.  146-15^ 

Geology  and  mineral  nesoorce*  of  Iron  C^^rei^k.     In  BnlL  No.  314,  1907, 

I57-16:i 
WKicittr,  C,  W.     l^le  uiinitig  in  south tsuj^tem  Alaska.     In  BulL  No.  314»  1907, 
47-72. 

Nonm^tallilerous  uiineraJ  resouri-es  of  southeastern  Alaska*     In  BuM,  I 

314,  1907,  pp.  7S-HL  ^ 

Papbkm  O^  Alaska   in   PulsKAii  >T[ii.\. 

BftooK8f  A.  H.,  and  Prim>i>:.  L.  M.     Aii  exploration  in  t\w  Mount  MeKinley  re&i 
OoU-lfin,  A.  J.,  Hess,  F.  L.,  nod  BittvoitE!^,  A.  IL     Th(*  gold  platers  of  a  part  of 

Seward  Peninsula,  Alaska.     Bull.  No,  32*1,  1907,  pp,  1- 
6 WANT,  U.  S.     The  geology  and  mineral  reaourcea  of  the  t*rince  William  Sot 

region. 
MAKtsN,  G.  C.     Oe<3lo|;y  and  mineral  re*iiources  <if  Ctintroller  Bay  region. 
MoiFiT,  F.  IL     The  Chitina  copper  belt. 
,  Hm^j  F.    L.*  and  Smith  ,  P.  S*     Geology  of  the  area  represented  on  * 

Xoroe  and  Grand  Cent  ml  six^cial  mape. 
FEi^riPLE,  L.  >L    Tbe  yijkon-Tanai>a  region^  Alaska;  description  of  tlie  Falrbu 

and  Bain  part  qnadrai^gles-  i 

Bmitit,  p.  B.     Geiiloj^y  ami  mineral  reeoiirres  of  the  aread  repreisented  by  tbe  Sc 

HI  on  and  Oa^<lepJ4ia  quad  rang!  es*. 
TAitti,  R*  S.     Geologic  rGt;onnai!*8anee  of  the  Yakutat  Bay  region. 
Wbioht,  F*  K.  and  i\  \\\     Minefal  resourfea  of  the  Wraiigelland  Ketcbikim  min 

ditttrietft,  Ala^ska, 

ToT»ooRAPRic  Map«  op  Alaska* 

The  following  maps  are  for  sale  at  5  cents  a  copy,  or  $3  per  hundred: 
Casadepaga  quadrangle,  Seward  Peninsula;  scale,  1:62500.     T.  G.  Gerdine. 
Fortymile  t|uadrangle;  scale,  1 :  2otX)()0.     E.  C.  Barnard. 
Grand  Central  Special,  Seward  Peninsula;  scale,  1:62500.     T.  G.  Gerdine. 
Juneau  Special  quadrangle;  scale,  1:62500.     W.  J.  Peters. 
Nome  Special,  Seward  Peninsula;  scale,  1:62500.     T.  (r.  (Tcrdine. 
Solomon  Special,  Seward  Peninsula;  scale,  1:62500.     T.  G.  Gerdine. 

The  following  maps  are  for  sale  at  15  cents  a  copy,  or  $9  per  hundred: 
Reconnaissance  map  of  southern  part  of  Seward  Peninsula;  scale,  1:250000.     E. 

Barnard  and  T.  tJ.  (ierdine. 
Reconnaissance  map  of  northwestern  part  of   Seward   Peninsula;   scale,    1:250€ 

T.  G.  Gerdine  and  D.  C.  Witherspoon. 
Reconnaissance   map  of   northeastern   part  of   Seward  Peninsula;  scale,   1:2500 

D.  (•.  Witherspoon. 
The  following  maps  are  included  a.s  illustrations  of  published  reports,  Vnit  have 
been  issued  sei)arately.     They  can  be  obtained  only  by  securing  the  report. 
Alaska,  topographic  map  of;  scale,   1:2500000,     Preliminary  edition.     Contained 

"The  geograj»hy  and  ge(»logy  of  Alaska,  a  sununary  of  existing  knowledge,  et 

Prof.  Paper  No.  45.     R.  V.  iGroode. 
Cape  Nome  and  adjacent  gold  lields;  scale,  1 :  250000.     Contained  in  a  special  publi 

tion  of  the  I'nited  States  (Geological  Survey,  entitled   "  Recoimaissances  in 

Cape  Nome   and  Norton  Bay  regions,  Alaska,"    1900.     Washington,     (rove 

ment  Printing  Office,  1901.    'E.  C.  Barnard. 
Chitina  and  lower  Copper  River  region;  scale,  1 :  250000.     Contained  in  a  special  p 

lication  of  the  United  States  (leological  Survey,  entitled  **The  geology  and  ni 

eral  resources  of  a  portion  of  the  Copper  River  district,  Alaska."     Washingt 

(ioveriKm-ut  Printing:  OOiiv,  hK)l,     T.  <;.  (Gerdine  and  I*.  C.  Witln^ri^poon/^ 


PUBLICATIONS   ON    ALASKA.  XHI 

Cook  Inlet,  head  of,  to  the  Xanana  via  Matanuska  and  Delta  rivers,  also  part  of 
Kenai  Peninsula;  scale,  1 :  625000.  Contained  in  **  A  reconnaissance  from  Resur- 
rection Bay  toTanana  River,  Alaska,  in  1898."  Twentieth  Ann.  Kept,  pt.  7, 
1900,  pp.  265-340.     W.  C.  Mendenhall. 

Oook  Inlet,  region  from  head  of,  to  Kuskokwim  River  and  down  the  Kuskokwim  to 
Bering  Sea,  Bristol  Bay,  and  a  part  of  Alaska  Peninsula;  scale  1 :  625000.  Pub- 
lished in  sections  in  **A  reconnaissance  in  southwestern  Alaska,  in  1898." 
Twentieth  Ann.  Rept,  pt.  7,  1900,  pp.  31-264.     W.  S.  Post. 

took  Inlet  placer  fields;  scale  1 :  250000.  Contained  in  *'  Mineral  Resources  of  Kenai 
Peninsula,  Alaska."     Bull.  No.  277.     E.  G.  Hamilton. 

Copper  and  upper  Chistochina  rivers;  scale,  1:250000.  Contained  in  "Geology  of 
the  central  Copper  River  r^ion,  Alaska."    Prof.  Paper  No.  41.    T.  G.  Gerdine. 

Copper,  Nabesna,  and  Chisana  rivers,  headwaters  of;  scale,  1 :  250000.  Contained 
m** Geology  of  the  central  Copper  River  region,  Alaska."  Prof.  Paper  No.  41. 
D.  C.  Witherspoon. 

Copper  River  region;  scale,  1:376000.  Contained  in  "A  reconnaissance  of  a  part 
of  Prince  William  Sound  and  the  Copper  River  district,  Alaska,  in  1898." 
Twentieth  Ann.  Rept.,  pt.  7,  1900,  pp.  341-423.  P.  G.  Lowe,  Emil  Mahlo,  and 
F.  C.  Schrader.     (Out  of  stock. ) 

Fairbanksand  Birch  Creek  districts,  reconnaissance  maps  of ;  scale,  1:250000.  Con- 
tained in  "The  gold  placers  of  the  Forty  mile.  Birch  Creek,  and  Fairbanks 
r^ons."     Bull.  No.  251,  1905.     T.  G.  Gerdine. 

fort\ukon  to  Kotzebue  Sound,  reconnaiasance  map  of;  scale,  1:625000.  Contained 
in  "Reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound,  Alaska,  by  way  of 
Dall,  Kanuti,  Allen,  and  Kowak  rivers."  Prof.  Paper  No.  10,  1902.  D.  L. 
Reaburn. 

Koyukuk  River  to  mouth  of  Colville  River,  including  John  River;  scale,  1:625000. 
Contained  in  **  A  reconnaissance  in  northern  Alaska  across  the  Rocky  Mountains, 
along  Koyukuk,  John,  Anaktuvuk,  and  Colville  rivers,  and  the  Arctic  coast  to 
Cape  Lisbume,  in  1901."     Prof.  Paper  No.  20.     \V.  J.  Peters. 

Aoyukuk  and  Chandlar  rivers,  portions  of;  scale,  1: 625000.  Contained  in  **  Prelim- 
inary report  of  a  reconnaissance  along  the  Chandlar  and  Koyukuk  rivers, 
Alaska,  m  1899."    Twenty-first  Ajin.  Rept,  pt.  2,  1900.     T.  G.  Gerdine. 

'^XiJn  canal,  routes  from,  via  headwaters  of  White  and  Tanana  rivers  to  Eagle  City; 

scale,  1:625000.     Contained  in  **A  reconnaissance  from   Pyramid   Harbor  to 

Kagle  Citv,  Alaska."     Twenty-first  Ann.  Rept.,  pt.  2,  1900,  pp.  331-391.     W.  J. 

J,    Peters.     ' 

I  ^oiuii  ^IcKinley  region;  scale,  1:625000.     Contained  in  "The  geography  and  geol- 

^y  of  AlasKa,  a  summary  of  existing  knowledge,  etc."     Prof.  Paper  No.  45. 

Sorf       ^-  R^iaburn. 

"^n  Bay  region;  scale,  1 :  625000.     Contained  in  a  special  publication  of  the  United 

'^^"fiites  Geological  Survey,  entitled  "  Reconnaissances  in  the  Cai>e  Nome  and  Nor- 

l^ri  Bav  regions,  Alaska,  in  1900."     Washington.     Government  Printing  Office, 

W^^l.     W.  J.  Peters. 
**l>ine  placer  region;  scale,  1  inch=3i  miles.     Contained  in  ''The  Porcupine 
L.  PJa.cer  district,  Alaska."     Bull.  No.  236.     C.  W.  Wright. 

P^   William  Sound,  sketch  maj)  of;  scale  1:376000.     Contained  in  a  special  pub- 
^*^<^''^tion  of  the  TJniteil  States  Geological  Survey,  entitled  "The  geology  and  niin- 
^J"^E^1  resources  of  a  portion  of  the  Copper  River  district,  Alaska."     Washington. 
,     ^^overnment  Printing  Office,  1901.     Emil  Mahlo  and  F.  C.  Schrader. 
lewai-ci  Peninsula,  northeastern  portion  of,  topographic   reconnaissance  of;   scale, 
^   -  250000.      Contained   in    "The    Fair  haven   gold    placers,   Seward  Peninsula, 
-Alaska."     Bull.  No.  247,  1905.     D.  C.  Witherspoon. 
^waixi  Peninsula,  northwestern  part  of;  scale,  1:250000.     Contained  in  *'A  ret!on- 
^^issance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska."     Prof, 
^aper  No.  2,  1902.     T.  (J.  Gerdine. 
to^itna  River  and  adjacent  territory;  scale,   1:625000.     Contained  in   **A  recon- 
naissance  in   the  Sushitna   basin  and    adjacent    territory,  Alaska,    in    1898." 
Twentieth  Ann.  Rept.,  pt.  7,  1900,  pp.  1-29.     Robert  Muldrow. 
Tanana  and  White  rivers,  portions  of;  scale,   1:625000.     Contained  in   "A  recon- 
naissance in  the  Tanana  and  White  River  basins,  Alaska,  in  1898."     Twentieth 
Ann.  Rept.,  pt.  7,  1900,  pp.  425-194.     AV.  J.  Peters. 
York  region;  scale,  1:250000.     Contained  in  ''The  tin  deposits  of  the  York  region, 
Alaska."     Bull.  No.  229.     T.  G.  Gerdine. 


PLTBLTCATIDNS    UN    ALASKA. 

York  and  Kugruk  fegious,  skett^h   majii^  of.     C'oDtaiiieil  in  a  &pedal 
of  tlie  United  i^iuik^^  (ioologit'a!  8urve>%  entltkHJ  **  Het-ontiflig^anee**  m( 
a Jnl  Norton  Biiv  ri'it^ionsj  Alaska,  in  llMWi/'     WaHhiri|^*tu.     GovtTiimtfiitl 
OUict?,  ISIIH.     A.  IL  Brooks, 

Yukon-Tanana  r^pott,  recomiaijssamie  rnup  of;  at'jilu*  J :  G^-SOOO.  OfmtainiKi  1. 
;>lti  ]rlfti:ersof  tbt^  Forty n]ili%  Birch  t'rei^k.  ami  Fftirbankg  regiDhs^  Alitaka**' 
Ho,  251.     T.  G.  Gerdine. 

ToPmutAPiui    Mm^  of  Alaska  is  Pb^pakation. 


Homers  Bay  Special;  seaie^  1: 62500. 


K.  B.  OUv^et. 

„ .  .4 .„_.^..,  ..,...,  — .........     T.  ii.  it«nlineaiul  1).  V.  Wjlht'rs|K 

Controller  Bay  region  Special;  emk,  l;l]2500.     E.  <i,  Hnnjiiloti. 
Fairlmnks  8ppuifil;  *mle,  1:625U0.     T.  G.  tierdino  aiifl  R.  11,  Sar^^'nt, 
Fm  i  rl  iji II  k ih  t j ua*  1  ran g I e ;  fK\^  1 1^  1 : 250(MX).     D .  C.  With t-  r^^i m>  i i i . 
Kuj^ann  Penuisiula  Btjecial;  wealth,  l;tS25(HI     D.  C.  Witherhpoon  imd  J.  \S\ 
Ra I r I  pa rt  ij  aa<l ran ^1  e  ■  st'a Ic^  1 :  25fKJ0tl .     D,  C,  W i the rsj  nm n - 
K**i70tinaif*^nce  map  of  Mataniiska  Rivtr  regbu;  B^'al^i  1; ^50000.     T*  {i. 
and  Ji.  H.  Sar^tait^ 


I 

I 


II 


\ 


XIV  PUBLICATIONS    ON    ALASKA. 

York  and  Kugruk  regiuiiH,  Hketch  maps  of.  Contained  in  a  special  p 
of  the  United  States  Geological  Survey,  entitled  **  Reconnaissant^ee  inC 
and  Norton  Bay  regions,  Alaska,  in  19()0.''  Washington.  Govemmen 
Office,  1901.     A.  H.  Brooks. 

Yukon-Tanana  r^on,  reconnaissance  map  of ;  scale,  1:625000.     Containe( 

fold  placers  ofthe  Fortvmile,  Birch  Creek,  and  Fairbanks  regions,  Alasb 
To.  251.     T.  G.  Gerdirie. 

Topographic  Maps  of  Alaska  in  Preparation. 

Bemera  Bay  Special;  scale,  1:62500.     R.  B.  Oliver. 

Chitina  quadrangle;  scale,  1:250000.     T.  G.  Gerdine  and  D.  C.  Witherspa 
Controller  Bay  region  Special;  scale,  1:62500.     E.  G.  Hamilton. 
Fairbanks  Sjx^cial;  scale,  1:62500.     T.  G.  Genline  and  R.  H.  Sargent 
Fairbanks  quadrangle;  scale,  1:250000.     I).  C.  Witherspoon. 
Kasaan  Peninsula  Special;  scale,  1:62500.     D.  C.  Witherspoon  and  J.  W. 
Rampart  quadrangle;  scale,  1:250000.     D.  C.  Witherspoon. 
Reconnaissance  map  of  Matanuska  River  region;  scale,  1:250000.    T.  G 
and  R.  H.  Sargent. 


•  Bulletin  No.  328  •  S.ri«{  ^  gSJ^^ft 

DEPARTMENT  OF  THE  INTERIOR 

UNITED  STATES  GEOLOGICAL  SURVEY 

GEORGE  OTIS  SMITH,  Director 


'HE  GOLD  PLACERS  OF  PARTS  OF 
SEWARD  PENINSULA,  ALASKA 


INCLUDING    THE 


NOME,  COUNCIL,  KOUGAROK,  PORT  CLARENCE, 
AND  GOODHOPE  PRECINCTS 


BY 


ARTHUR  J.  COLLIER,  FRANK  L.  HESS,  PHILIP 
SMITH,  AND  ALFRED  H.  BROOKS 


WASHINGTON 

GOVKKNMENT     PRINTING     OFFICE 

1908 


CONTENTS. 


Page. 

="-«^CE,  BY  Alfred  H.  Brooks 7 

Slg-JDPMENT  OF  THE  MINING  INDUSTRY,  BY  ALFRED  H.  BROOKS 10 

-hr»"oreword 10 

discovery  of  gold 13 

^•he  first  year  of  mining i 19 

-he  rush  of  1900 24 

■Progress  in  1901 28 

Srowth  of  mining  from  1902  to  1904 31 

:^Jining  developments  in  1905-6 36 

►  ummary 38 

RAPHY   AND   GeOLO«Y,   BY   ARTHUR   J.    Ck)LLIER 40 

:iitroduction 40 

Geography 41 

General  outline 41 

Shore  line : 42 

Relief 44 

Drainage 48 

Climate 50 

Geographic   location 50 

Observations 51 

Temperature 51 

Precipitation ! 52 

Storms 53 

River  and  harbor  ice 53 

Vegetable  and  animal  life 54 

Vegetation 54 

Fish  and  game 56 

Commercial  features 57 

<25eneral  geology 60 

Introduction 60 

Description  of  geologic  maps 63 

Metamorphic  rocks 66 

Kigluaik    group 66 

Kuzitrin  formation 69 

Nome  group 70 

General    description 70 

Port  Clarence  limestone 73 

Undifferentiated  schists  of  Fairhaven  precinct 79 

Slates  in  the  York  region 79 

Limestone  near  Palazruk 81 

Summary  of  the  metamorphic  formations 82 

Unaltered  sedimentary  hk-Us _-__  83 

Unconsolidated  dei)osits _ 85 

Introduction 85 

Gravel-plain  deposits 86 

Character  and  extent 86 

Origin  of  the  gravel  plains 90 

Age  of  the  gravel  plains 91 

Alluvial  deposits 92 

Character  and  extent 92 

Origin  and  age  of  the  alluvium 93 

3 


UKCKJHAPIIY    ANI>  {zKOtJCiV.W   RY   ARTHUR  J.   COLUEtt^COUtlDUed* 

ii  eiif^rti  1  geology — (.V>n  t  i  n  uecl , 

Uiii.'DnfioIiUa  ted  deiM>BltB — CoiitUiiied. 

Hlgli-bench  det>osits , .. 

Character  and  extent ^,.___,. ^___, 

Orfgln  and  «pre  of  the  high  benche«_. „. 

Glaclatlou  and  glacial  deposits , 

Igneous  roekB^ .,^,,, ,,__^ ^__^^___.. 

Introduction^ ^_,  -. _^ _,______„ 

Greenstooes ^ J .^. 

Basalts  -,^ ^ ___. 

Granitic  rocka _..__-^^^ 

Qnartz    veins- , . ^^^^^^ _^^ __^^ ,. 

Oi^TLiNK  DP  Economic  OEOiiOCY,  bt  ALFBEPli.  Bboohs .^^. 

Gaaerat    statements ^,^, ,.^_, „__ ., ,. 

Genesis  and  classlfitratlon  of  placera ^^ .^^-. 

Gold  In  be<l  nick^_.^__^^_^ ^^^ ^^_^ ^^ 

Introilnctlon -_._ _^__ ,^^_^ ._^ 

Gronplng  of  deposits ^__- . 

Bissenilnated  deposits, ^  _ ^ 

Concentrated    deposits ^_-,,, „^-^^ ._, 

Casslterite  and  galena  bearing  lodes,,.,^, ,. 

Distribution  of  mliieralissatlon- ^^^ ^ , 

Age  of  mineral i5iat Ion ^^ _._ . ^^^ 

Seim ration  of  gold  from  tied  rr>ok^^_^^ ^^^^^„^,^ 

Trfln*;portatJou  and  de]x»sltlon  tjf  placer  golcU, ^— ,^, 

Honcentration  of  gold  on  beil  rock ._, .,_____,^_,_. 

Reeon  cent  nit  ion  of  placer  gold . 

Hints  to  prostieftora ^— * ^. .^*^^* .^- ,,. 

Iiitrodnctlori . ^^ ^ ^ . ^-^.-__ ^- 

Gold  lu  tied  rock^^.-.. ,.-,.^_- .^^^,^^^ _, 

Gold  in   placers^ 
Geologic   maps_ 


The  future  of  the  mining  hMlnNtry_^^_,,_„ ^^, ^^^^^-^^ ^^ 

1  JKSCRltTlON   0¥   I'LACKIIH,   11 V   AtViritK  J.  CoLLIKR   \Nt>  FRANK    L.   HKS» 

Introduction 

Distribution    of    gold _     

Classification  of  the  placers __  „_   

Introduction _ 

Gravel-i)lain  placers _     

Creek  placers 

River-bar    placers 

Beach   placers 

Nome   precinct 

Introduction 

Geology 

Discovery  and  development .^ 

Nome  region _. 

General    outline _   

Beach   placers 

Placers  of  the  coastal  plain _    

Introduction 

Old  beach  lines 

Unconcentra ted  gravel-plain  placers lt;5 

Reconcent rated  gravel-plain  placers HMj 

Bar,  creek,  and  bench  placers  of  tlie  uplands       _     _     170 

Nome  River  basin _      170 

Snake  River  basin 182 

High-bench  placers lOS 

Introduction 108 

General  description _         IIM) 

High-bench  placers  of  King  Mountain ilH) 

lligh-lM-nch  jiliicers  north  of  Ativll  I*(siU  Htm 


1*3 

m 
m 

m 
m 

m 

101 
103 
IIB 
111 
111 
114 

lie 

116 

116 
IIT 
US 
120 
121 
124 
125 
\2S 
12S 

i:m 

132 

i:i4 

no 

140 
140 
142 
142 
144 
144 
145 
145 
146 
14(3 
147 
148 
14I> 
141> 
151 
15G 
15(1 
158 


CONTENTS.  5 

Description  of  Placers,  etc. — (Continued. 

Nome  precinct — Continued.  Page. 
Streams  tributary  to  Bering  Sea  between  Cripple  and  Sinuk 

rivers 215 

Sinuk  River  basin 215 

R^ion  west  of  Sinuk  River 1  217 

Bildorado  River  region 221 

Solomon  River  region 222 

CJouncil  precinct 1 233 

Introduction   233 

Geology . 234 

Developments  J 235 

Description  of    placers 23G 

Fish  River  and  its  eastern  drainage 23G 

Fox    River 230 

Niukluk  River  basiuJ 238 

Notes  on  recent  developments  in  the  Council  rejrion,  by  Philip  S. 

Smith  2(K) 

Kruzgamepa  River  basin 2(tt> 

General   description 20(» 

Willow  and  Slate  creeks 267 

Port  Clarence  precinct 268 

Introduction  268 

Creeks  tributary  to  Grautley  Harlwr  from  the  north 270 

Agiapuk  River  basin 271 

Bluestone   River   basin 273 

Anikovik    River 281 

Goodhope    precinct 281 

The  Bluff  Region,  by  Alfred  H.  Brooks 283 

Introduction 283 

'  Topography 284 

Geology 285 

The  placers 288 

The  Kouoarok  Region,  by  Alfred  H.  Brooks 294 

Introduction, 294 

Topography 295 

Geology ^ 297 

Bed   rock 297 

Alluvium 298 

Recent  geologic   history 30(> 

Introduction 300 

Sequence  of  geologic  events 303 

Planation 303 

Differential  uplift 304 

Stream  dissection  and  setlinientation  in  local  basins 304 

Uplift  with  dissection 306 

The  gold  placers 306 

Mining  development 306 

Distribution  of  auriferous  gi-avels 309 

Southern  belt 309 

Northern  belt 315 

Conclusions 326 

Geology  and  Mineral  Resources  of  Iron  Creek,  by  Philip  S.  Smith 329 

Introduction  329 

Physiography  330 

Stages  of  valley  cutting 330 

Evidences  of  glaciation 331 

General   geology 332 

Mining    developments 333 

General    conditions 333 

Ditch  construction 333 

Mining  on  main  stream 334 

Mining  on  tributaries 335 

Summary 336 

Index 337 


Plate  1,  A,  Ligbterlng  freight  at  low  tkle^  Nome:  B,  Clinracterifitte  creek 

yalley:  Tbonuiaou  t'reek,  tribiitiij-y  of  Stewjirt  Kiver ns 

II,  ^,  An^uliii"  >^old-bftirUkg  (travels  on  Grassy  c;iih?h  ;   B^  Crevlt^ini 

llrnestoue  bed  rm'k  cm  Grass  Ciilcb.^ . ^^ _-^^^        17H 

III.  ^l,   HydrauJIe  elevattjr   oii    <Tliieler  Creek j    B,  Proapectltig   for 

Ijlat^er  gohl  wltli  rliiirn  drill  near  HlufT ^ ^ li^*J 

IV*  Dredging  on   Solomon   Itlver ^ -^-_^ ».- 2^2 

V.  A^  CanjMrti  of  0))L!r  Cret?k,  sbowlnj?  imrt  of  the  Wtld  (ioose 
Mining  OonnwtUjy'M  dlteh;  /i,  Placer  infning  wHli  trnek  anfl  in  * 

cHue  oii  Oi>ldr  Ci-eek ^ 242 

VL  -I,    Rougb   bowlders   In   the  imy   stretik   of  a    plat-er   aibie   ou 
Cro*iktHl  Creek:  IS,  Mining  witli  borse!*  and  RTMiier^  iH\  iUyhh 

bottom   Oreek.__._, ._^._. ._-       1£&2 

VI L  Hydra n lie   njtalng  on   Daniels   Cret^k .^^-^ . ,._,       284 

Vin.  T<>t>ogi'aj(ble  n.H'onnniHSanee  maiJ  of  the  wiiuheni  |*ai*t  of  Sew- 
ard  IVtUriiiinla-.-,, , In  iHic*ket, 

IX.  To|rfigra[>lde  reconnalasanee  mni*  of  tbe  iiortliwestem  ]tart  of 

Seward    Peninsula ^^^^ , . ^^^. ^^ ^_^^^  In  jKK.i£et* 

X,  Ge*ilogie  reeomiiilsstttice  map  of  tbe  son t hern  pnrt  of  Seward 

Peiilnsiihi ^ , In  iwx'keu 

XX-  Cireologic  reeonnnlssance  map  of  the  northwestern  part  of  St'w- 

ward   PenlnauUi ^,_ In   pocket. 

Fin.  t.  8keft^h    mai>w    Kb*>wlTig    relative    ^ilrl-bearlng    arens    in    SewartJ 

Peninsnhi,  rnlifonila,  and  the  Klondike  rej^ion _^ .^^ 12 

2.  Precinet  niaii  of  Seward  Penlnwnlii ^__ __^^____ 42 

3.  Profile  of  tbe  western   part  of  Seward   Peninsula,   showing  old 

erosion    levels 47 

4.  Sketch  of  tbe  coast  from  Cape  York  to  Cape  Prince  of  Wales 47 

5.  Map  showing  distribution  of  vegetation  in  Seward  Peninsula 55 

G.  Geologic  sketch  map  and  section  of  Ophir  Creek  region 128 

7.  Sketch   map   of   part   of   Nome   region,   showing   distribution    of 

placers 150 

8.  Diagrammatic  section  of  beach  placers 155 

0.  Sketch  map  of  second  and  third  beach  lines  at  Nome KU 

10.  Diagram   showing  manner  in  which   gold   is  concentrated   north 

of  Nome 102 

11.  Diagrammatic    section    of    Anvil    Cret»k    valley,    showing    bench 

gravels isi) 

12.  Sketch    map   and    profile   of    high-bench   gravels    south    of    King 

Mountain 201 

13.  Sketch  map  and  section  of  Big  Hurrah  mine 220 

14.  Diagram  of  part  of  Ophlr  Creek  valley,  showing  position  of  bench- 

placer    deposits 247 

15.  Diagram  of  cliff  exposure  near  mouth  of  Daniels  Creek 285 

10.  Sketch  map  and  section  of  Daniels  Creek  placers 287 

17.  Diagrammatic  rei)resentation  of  character  of  impregnated  zones. 

Bluff  region 202 

IS.  Sketch  map  of  Kougarok  region 21>5 

19.  Sketch  map  of  Irou  Creek  basiu. 330 

6 


THE  GOLD  PLACERS  OF  PARTS  OF 
SEWARD  PENINSULA,  ALASKA. 


By  ARTHrR  J.  Collier,  Frank  L.  Hess,  Philip  S.  Smith,  and 
Alfred  H.  Brooks.* 


PREFACE. 


By  Alfred  H.  Brooks. 


This  paper  is  devoted  to  a  discussion  of  the  auriferous  gravels 
of  the  southern  and  northwestern  parts  of  Seward  Peninsula.  Its 
purpose  is  to  meet  the  wants  of  the  miner  and  prospector  by  present- 
ing the  results  of  the  reconnaissance  surveys  made  from  1899  to  1903, 
so  far  as  they  bear  on  the  distribution  and  origin  of  the  placer  gold. 
As  a  necessary  preliminary  the  geology  of  the  peninsula  will  be  pre- 
sented in  outline,  but  as  this  volume  must  be  kept  to  a  reasonable  size, 
much  matter  not  directly  pertinent  to  the  discussion  of  the  mineral 
wealth  will  perforce  have  to  be  omitted.  More  extended  accounts  of 
the  geology  will  find  place  in  future  publications,  to  be  prepared  when 
the  more  detailed  surveys,  already  begun,  permit  the  presentation  of 
conclusions  with  more  confidence. 

Geologic  and  topographic  surveys  of  the  peninsula  were  begim  in 
the  fall  of  1899  by  F.  C.  Schrader«  and  the  writer,  who  spent  a  few 
weeks  in  examining  the  auriferous  gravels  in  the  immediate  vicinity 
of  Nome,  while  D.  C.  Witherspoon  made  a  topographic  survey  of  the 
same  area.  The  increase  of  public  interest  led  to  the  dispatching  of 
three  parties  to  this  field  in  1900.  One  of  these,  led  by  W.  J.  Peters 
and  W.  C.  Mendenhall,''  made  reconnaissance  surveys  of  the  south- 
eastern part  of  the  peninsula.     Another  party  under  charge  of  E.  C. 

•  Schrader,  P.  C,  and  Brooks,  A.  H.,  Preliminary  report  on  the  Capo  Nome  gold  region, 
a  special  pablication  of  the  U.  S.  Geol.  Survey,  1900. 

*  Mendenhall,  W.  C,  Reconnaissances  In  the  Cape  Nome  and  Norton  Bay  regions,  Alaska, 
in  1900.  a  special  pablication  of  the  U.  S.  Geol.  Survey.  1901,  pp.  181-218. 
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Barnard,  assisted  by  D.  L.  Reaburii,  H,  G*  Hefty,  and  K,  B,  Robort^ 

soiu  njade  a  topogi'aphic  survey  of  the  southwestern  part  of  tlie  penin-'' 
sula,  induding  Port.  Clarence  to  the  west  and  Ophir  Creek  to  the 
northeast.  This  work  was  materially  aided  by  the  cordial  coopera- 
tion of  J.  F.  Pratt  and  J»  J,  Gilbert,  of  the  United  States  Coast  and 
Ge-odetic  Survey,  who  commanded  a  large  force  of  men  engaged  dnr- 
ing  the  same  summer  in  charting  the  southern  coast  line  of  the  i>enin- 
sida*  At  the  same  time  the  geologic  work  in  this  region  was  intrusted 
to  the  writer/'  who,  assisted  by  G.  B.  Ricliardson  and  A.  J.  Collier, 
curried  a  i*econnais^ance  over  much  of  the  southern  half  of  the  penlri- 
Kula  und  extended  it  intothe  then  newly  discovered  Kougarok  district. 
In  the  fall  of  11)00  the  writer  also  made  a  geologic  and  topographic 
i-ecounaissance  survey  of  the  York  district,  at  the  west,  end  of  the 
peninsiila.  In  11)01  W-  C.  Mendenhall  ^  and  D.  L.  Eeaburn  made  a 
hiisty  examination  of  part  of  t!ie  northern  coast  of  the  peniiiKuhi, 
after  the  completion  of  an  exploration  extending  from  the  Yukon 
to  Kotzebue  Sound.  The  gi*owth  of  the  mining  interests  led  to  the 
extension  of  the  reconnaissance  survey  over  the  noi-thwestern  part 
of  the  i>euinsula  in  1901  by  T.  G,  Gerdine  and  A.  J.  Collier. '  The 
northeastern  quarter  of  the  peninsula  stilt  remained  to  be  surveyed, 
and  this  was  doue  in  H)03  by  IX  C.  AVitherspoon  and  F.  H.  Moffit/' 

The  report-^  on  these  surveys  included  an  account  of  practically 
every  gold -producing  creek  in  the  peninsula,  but  the  rapid  progi*ess 
of  iniruiig  nut  nnly  li^d  to  tin-  dist^overv  *"if  many  new  placers,  hut 
also  revealed  many  new  facts  bearing  oil  the  occurrence  and  distri- 
l)ution  of  the  auriferous  gravels.  This  made  it  desiral)le  to  supple- 
ment these  investigations,  and  to  this  task  A.  J.  Collier,  assisted  by 
F.  L.  Hess,  was  assigned  in  1903.  In  the  fall  of  1904  Mr.  Collier 
was  able  to  spend  a  few  weeks  in  the  peninsula  to  collect  some  addi- 
tional data.  The  writer's  own  investigations  in  1899  and  1900  have 
been  referred  to;  in  addition  to  these  he  has  made  brief  examinations 
of  some  of  the  mining  districts  along  the  southern  coast  in  1903,  1904. 
and  1905. 

The  results  here  set  forth  are  based  (1)  on  the  studies  of  Mr. 
Collier  and  !Mr.  Hess  in  1903,  and  (2)  on  the  earlier  work  in  this 
province.  In  some  cases  this  fact  is  })lainly  brought  out  by  direct 
quotations  from  the  published  reports,  but  in  many  others  there  has 
been  so  gradual  an  evolution  of  opinion  as  to  make  it  impossible  to 
give  the  proper  credit.     Although  not  all  the  subjects  treated  in  the 


"  Brooks,  A.  H.,  Reconnaissances  in  the  Cape  Nome  and  Norton  Bay  regions.  Alaska,  in 
I'.KH),  a  special  publication  of  the  V.  S.  Geol.  Survey.  11)(H,  pp.   1    iso. 

''  Mendenhall,  W.  C,  Reconnals.sance  from  Fort  Hamlin  to  Kotzebue  Sound  by  way  of 
Dall.  Kanutl,  Allen,  and  Kowak  rivers:  Prof.  Paper  IT.  S.  Oeol.  Survey  No.  10.  1002. 
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earlier  publications  are  here  again  considered,  yet  in  a  large  measure 
this  volume  is  in  fact  to  be  regarded  as  a  revised  edition  of  the  report 
of  1900. 

As  this  manuscript  goes  to  press  it  has  been  possible  to  incorporate 
in  it  a  part  of  the  results  of  the  surveys  of  1906.  P.  S.  Smith,  who 
made  a  hasty  study  of  some  of  the  placers  of  the  Solomon,  Casa- 
depaga,  and  Council  regions,  has  incorporated  some  of  his  results 
with  Mr.  Collier's  and  Mr.  Hess's  descriptions  of  these  districts.  Mr. 
Smith  has  also  prepared  the  account  of  the  Iron  Creek  basin  here 
included.  The  description  of  the  Nome  region  has  had  the  critical 
reading  of  F.  H.  Moffit,  who  has  been  for  two  years  engaged  in  a 
detailed  geologic  study  of  the  areas  covered  by  the  Nome  and  Grand 
Central  special  maps.  It  is  not  intended,  however,  to  set  forth  liere 
anything  but  a  general  account  of  this  district.  For  the  details  the 
reader  is  referred  to  Mr.  Moffit's  report  *  now  in  preparation. 

In  1906  the  writer  made  a  reexamination  of  a  part  of  the  Kou- 
garok  district,  and  his  report  is  included  in  this  volume. 

The  composite  authorship  of  this  report  is  indicated  in  above 
account  of  its  preparation.  It  should  be  added  that  the  manuscript 
submitted  by  Mr.  Collier  was  revised  by  Mr.  Hess,  who  utilized  as 
far  as  possible  the  data  collected  by  the  later  investigations.  No 
attempt  has  been  made  to  revise  the  geologic  descriptions  except  so 
far  as  it  has  been  necessary  to  make  them  consistent  with  the  results 
of  the  later  investigations. 

The  unfortunate  delay  in  the  completion  of  this  volume  has  been 
in  a  large  measure  due  to  the  fact  that  the  time  of  the  authors  has 
been  perforce  devoted  to  other  work,  but  also  because  each  season's 
field  work  accumulated  many  new  facts,  which  it  seemed  desirable  to 
incorporate. 

It  is  a  matter  of  deep  gratification  to  the  writer  that  these  investi- 
gations have  received  much  cordial  support  and  help  on  the  part  of 
the  residents  of  the  peninsula.  If  this  work  serves  to  aid  those  who 
are  engaged  in  exploiting  the  mineral  resources  of  the  district,  the 
purpose  of  its  publication  will  be  accomplished. 

•Mofflt,  F.  H.,  Hess,  F.  L.,  and  Smith,  P.  S.,  Geology  of  the  Nome  and  Grand  Central 
areas,  Seward  Peninsula,  Alaska. 


THE  DEYELOPMEI^T  OF  THE  MINIKG  IT^DUSTRY. 


FORI^WORn. 


Tlio  large  peninsula  thrust  out  from  north  west  em  Ahiska,  dividing 
tht>  Bering  8ea  from  the  Polar  Sea,  was,  up  to  a  few  jears  ago, 
uu named  '^  and  almost  uuJcnoTkVii*  Thin  i>eumsnla,  bordered  hy  the 
An*ti(^  Circle,  affords  a  striking  example  of  the  rapid  indiLstriat 
changes  that  may  1m^  wrought  in  an  iHohUed  provincL*  Ijv  the  exphjita- 
tion  of  rieh  gold  pla eel's.  A  decade  a^jo  Seward  Peninsula  was  little 
more  than  a  barren  waste,  unpeopled  except  for  a  few  hundred 
Eskimos  and  a  score  of  white  men,  whereas  it  is  now  the  ^eene  of 
intense  commercial  activity,  supporting  a  permanent  population  of 
J^,00()  or  4,000  people,  which  in  summer  is  more  than  doubled.  Then 
tlie  igl(Ki  of  the  Kskimos  and  a  mission  were  the  only  pennanent  habi- 
tations; now  a  well-built  town  with  all  the  adjuncts  of  civilization 
looks  out  on  Bering  Sea,  and  a  dozen  smaller  settlements  are  scattered 
through  the  peninsula.  This  region,  which  then  produced  nothing 
except  a  few  furs,  now  increases  the  wealth  of  the  world  annually 
by  nearly  $8,000,000.  A  decade  ago  the  only  communication  with 
the  civilized  world  was  through  the  annual  visit  of  the  Arctic  whaling 
fleet  and  the  revenue  cutter;  now  a  score  of  ocean  liners  ply  between 
Nome  and  Puget  Sound  during  the  summer  months,  and  even  in 
winter  a  weekly  mail  service  is  maintained  by  dog  teams.  iNIoreover, 
military  telegraph  lines,  cables,  and  wireless  systems,  and  a  private 
telephone  system  keep  all  parts  of  the  peninsuhi  in  close  touch  with 
the  outer  w^orld.  Railways  connecting  some  of  the  inland  mining 
centers  with  tide  water  traverse  regions  which  a  few  years  ago  were 
almost  unknown  to  white  men. 

This  industrial  improvement  is,  as  has  been  stated,  the  result  of  the 
discovery  and  exploitation  of  the  gold  deposits.     As  there  has  been 


"The  name  Seward  Peninsula,  given  in  lionor  of  William  II.  Seward,  was  first  pub- 
lished in  "  Preliminary  report  on  the  Cape  Nome  gold  regiou."  by  I"\  r.  Schrader  and 
A.  H.  Broolts,  U.  S.  Geol.  Survey,  1900.     W.  H.  Dall  had  as  long  ago  as  1870  suggested 
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only  one  successful  attempt  at  auriferous  lode  mining,  practically 
all  of  the  gold  production  has  been  taken  from  the  placers.  Lode  and 
placer  tin  have  been  found  in  the  peninsula,  but  their  exploitation 
has  not  yet  been  brought  to  the  profitable  stage,  though  a  few  tons  of 
tin  are  annually  exported.  The  tin  deposits  have,  however,  added  to 
the  commercial  prosperity  of  the  peninsula  by  helping  to  focus  public 
attention  on  its  mineral  resources. 

The  following  figures  of  the  output  of  the  placer  mines  are  based 
on  the  best  estimates  obtainable,  but  it  should  be  borne  in  mind  that 
there  are  no  accurate  statistics  to  be  had.  The  limit  of  error  in  the 
total  production  since  1898,  as  shown  in  the  table,  is  believed  to  be 
about  $500,000. 

Approximate  lvalue  of  placer-gold  proiUiction  of  Sriranl  l*(ninsuhi,  AlasKn.*^ 


1898 $75,000      1904 .      .     .1?4, 104,  tXK) 

1899 2,800,000      1905  ___ 4,800,000 

1900 4,750,000     190(5      _    ._     7,500.000 

1901 4,130,000                                                       

1902  _, 4,  561,  800  :^7.  247,  0(H) 

1903 4,4(55,000 

The  total  production  of  $37,000,000  for  nine  years  is  small  com- 
pared with  the  output  from  the  California  placers,  which  in  two  years 
(1861  to  1853)  are  estimated  to  have  yielded  $62,000,000.^  It  is  also 
small  compared  with  the  production  of  the  Klondike  placers,  whose 
output  in  the  first  decade  is  valued  at  $118,000,000.'* 

Fig.  1  illustrates  approximately  the  relative  size  of  the  gold-bear- 
ing regions  of  Seward  Peninsula,  California,  and  the  Klondike.  The 
auriferous  gravels  of  California,  roughly  outlined,  probably  cover  an 
area  about  equal  to  that  occupied  by  the  auriferous  gravels  of  the 
Seward  Peninsula,  but  the  Klondike  gold  field  is  probably  less  than 
one-tenth  as  large.  The  California  placers  are  not  only  ideally 
located  for  economic  exploitation,  but  their  gold  content  averaged  no 
less  than  that  of  the  Seward  Peninsula  gravels.  Moreover,  the  high 
gravels  of  California  are  far  more  extensive  than  those  of  the  Alaska 

•Brooks,  A.  H.,  Report  on  progress  of  luvestlgation  of  mineral  resources  of  Alaska: 
BnU.  U.  S.  Geol.  Sarvey  No.  314,  1907,  p.  21. 

*  Whitney,  J.  D.,  The  auriferous  gravels  of  the  Sierra  Nevada  of  California :  Mem. 
Mas.  Comp.  Zoology,  Cambridge,  Mass.,  vol.  6,  No.  1,  1880,  p.  367. 

'  The  estimates  of  the  annual  output  of  placer  gold  In  the  Klondike  since  Its  dis- 
covery are  as  follows: 


1896 •- $300,  000 

1897 2,  500,  000 

1898 10,  000,  000 

1899 16,  000,  000 

1900 22,  275,  000 

1901 18,  000,  000 

1902 14,  500,  000 


1903  . 
1904- 
1905. 
1906- 


$12,  250,  000 
10,  000,  000 

7,  :m).  000 
n,  GOO,  000 

118,  72.J,  000 
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tieKL  With  abundant  Tvater  supply,  steep  stream  gradients,  heavy 
gravel  deposits,  accessibihty,  and  salubrious  climate,  it  is  no  wonder 
tbat  the  California  placen^  far  outstripped  the  northern  field  in  tfc 
first  years  of  production. 

The  Klondike,  on  the  other  hand,  is  less  favorably  situated  than 
Seward  Peninsula,  and  its  water  supply  available  for  mining  is  much 
less.  It  appears,  however,  that  the  placern  of  such  creeks  as  Eldoradu 
and  Bonanza  in  the  Klondike  averaged  richer  than  any  depositjs  of 
jsiniilar  extent  yet  found  in  the  peninsula.  It  was  the  exploitation  of 
these  almost  fabulously  rich  and  relatively  shallow  gravt>Is  thnt 
brought  the  Klondike  gi>Id  output  up  with  a  iKiinid,  aud  it  is  their 


I 


^7 ^R^ 


9EWAHO  PtMtNSUiJI 
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KLONDIKE  DISTRICT 


CALIFORNIA 


Fig.  1.— Sketch  maps  showing  relative  gold-l>earinff  areas  In  Seward  Peninsula,  California, 
and  the  Klondike  region,  drawn   to  the  same  scale. 

quick  exhaustion  that  has  caused  an  almost  equally  rapid  decline  of 
the  annual  yield.  There  are  still  extensive  bodies  of  lower-grade 
gravels  to  mine  in  the  Klondike,  but  these  can  be  developed  only  by 
means  of  extensive  water  conduits  or  by  dredging.  Mining  in  the 
Klondike  has  passed  its  zenith,  whereas  iu  Seward  Peninsula  the 
maxinunn  yearly  output  is  still  to  be  reached. 

In  the  comparison   of  the  Seward   Peninsula   placer  fields  with 
others,  it  must  be  borne  in  mind  that  probably  three-fourths  of  its 


DISCOVERY  OF  GOLD.  13 

gold-bearing  area  is  large,  yet  only  a  few  square  miles  have  been 
extensively  exploited.  In  other  words,  only  a  few  of  the  creeks 
(but  probably  the  richest  ones  of  Seward  Peninsula)  have  been  ex- 
ploited, and  it  is  probable  that  it  will  be  some  time  before  the 
maximum  annual  yield  will  be  attained.  The  future  of  the  placers 
receives  further  consideration  in  the  section  devoted  to  economic 
geology  (pp.  135-139),  and  the  annual  gold  product  is  discussed  in 
detail  where  the  growth  of  the  mining  industry  is  sketched. 

DISCOVERY  OF  GOIiI>. 

The  position  of  Seward  Peninsula,  whose  western  point  is  less  than 
60 «  miles  from  the  Siberian  coast,  made  it  the  first  part  of  Alaska 
to  be  known  to  the  Russians.  The  continent  lying  beyond  Bering 
Strait  was  reported  by  the  natives  to  the  Russians  as  early  as  1709 ; 
but  so  far  as  known  the  first  landing  on  its  borders  was  not  until 
1731,  and  then  from  a  vessel  which  had  been  blown  out  of  her  course. 
Certain  it  is  that  the  first  survey  of  the  coast  line  was  made  by  Capt. 
James  Cook  in  1778.  During  the  succeeding  century  of  the  Russian 
occupation,  though  the  entire  coast  line  was  explored,*  but  little  was 
learned  of  the  interior  of  the  peninsula.  In  1822  the  Russian  Cap- 
tain Kromchenko,  commanding  the  Golofmn^  surveyed  Norton  Sound 
and  Golofnin  Bay.  It  was  not  until  1835  that  a  trading  post  was 
established  on  St.  Michael  Island,  the  first  Russian  settlement  north 
of  the  Aleutian  Islands.  From  this  point,  trade  was  carried  on 
with  the  natives  to  the  north.  The  stories  current  that  the  Russians 
mined  placer  gold  near  Nome  are  utterly  without  foundation  in 
fact,  for  the  Russians  had  absolutely  no  knowledge  of  the  mineral 
resources  of  the  peninsula  and  never  had  a  permanent  settlement 
within  its  borders. 

Probably  the  first  important  inland  exploration  was  that  made  in 
1865-66  by  a  party  led  by  Baron  Otto  von  Bendeleben,  who,  while 
seeking  a  route  for  a  telegraph  line,  ascended  the  Niukluk  and 
crossed  the  portage  to  the  Kruzgamepa  and  thence  continued  to  Port 
Clarence.  This  survey  was  made  in  the  interests  of  the  great  trans- 
continental telegraph  route  which  was  planned  to  connect  Europe 
and  America.  Von  Bendeleben's  party  actually  constructed  a  few 
miles  of  telegraph  line,  and  thus  were  the  first  to  start  a  commercial 
enterprise  on  Seward  Peninsula.  Of  greater  interest  is  the  fact  that 
Von  Bendeleben  is  said  to  have  found  alluvial  gold  on  Niukluk 
River.^  If  such  was  the  case  placer  gold  was  found  here  earlier  than 
in  any  other  part  of  Alaska  except  at  Cook  Inlet,  where  Doroshin,  a 

•  Chart  T,  U.  8.  Coast  and  Geodetic  Survey. 

*For  an  acconnt  of  the  Russian  explorations,  see  Broolcs.  A.  H.,  Geography  and  geology 
of  Alaska:  Prof.  Paper  U.  S.  Geol.  Survey  No.  45,  1906,  pp.  104-132. 

*  W.  H.  Llhby,  a  member  of  Von  Bendeleben's  party,  is  authority  for  this  statement. 


iiiiiiing  engineer  sent  out  by  the  Russian  Grovernment,  diBCOveret] 
gold  in  1854.  The  telegraphic  construction  was  discontinued  after 
the  successful  liiying  of  the  Atlantic  cable,  Von  Bendeleben's  party 
disbanded,  and  a  third  of  a  century  passed  befom  any  of  its  niemben 
found  their  way  back  to  the  scene  of  the  gold  discovery.  It  seems 
probable,  therefore,  that  no  one  attached  any  importance  to  this 
occur rence  of  placer  gold* 

Tlie  peninsida  continued  to  be  regarded  as  a  Imrren  waste  for  niany 
years  after  Alaska  passed  into  the  hands  of  the  United  States,  The 
whalei*s  had  a  rendezvous  at  Port  Clai-ence,  where  they  anchored  in 
the  early  summer  while  waiting  for  the  polar  ice  cap  to  break.  Occa- 
BioiialJy  a  trader  came  from  the  nearest  permanent  posts,  Unalaklik 
or  St  Mieliael,  and  bartered  with  the  natives^  but  otherwise  condi* 
tions  were  as  primitive  as  during  the  Russian  occupation. 

Galena  was  discovered  in  the  eastern  part  of  the  peninsula  by  the 
native-H,  who  used  it  for  making  bullets,  and  brought  it  to  the  atten- 
tion of  t4*aders  at  least  as  early  as  1880.  In  1881  a  party  under  the 
leadership  of  John  C,  Green,  with  the  help  of  the  natives,  located 
the  source  of  this  galena  on  what  he  named  Fish  River,  tributary  to 
Golofnin  Bay.  Thi^  was  one  of  the  first  lode  locations  made  in 
Alaska,  Wing  anteilated  only  by  those  made  near  Sitka  in  1877  and 
|K)ssibly  by  some  of  those  at  Juneau,  wheie  gold  placers  were  found 
in  1B80.  (ireen  and  his  party  organized  the  Fish  River  mining  dis- 
trict in  July.  ISSl,  and  l:H?gan  the  exploitation  of  this  deposit  under 
the  corporate  title.  The  Alaska  Gold  and  Silver  Mining,  Milling,  and 
Trading  Company. 

It  was  undoubtedly  some  of  those  connected  with  this  company 
who  first  made  public  the  occurrence  of  alluvial  gold  in  Seward 
Peninsula.^  It  has  been  elsewdiere  suggested  ^  that  the  discovery  and 
first  mhiing  of  alluvial  gold  is  to  be  credited  to  the  natives.  This 
now  seems  to  be  an  error,  for  the  natives  appear  never  to  have  had 
any  knowledge  of   gold  or  methods  of  extracting  it. 

The  operations  of  the  Alaska  Gold  and  Silver  Mining,  Milling, 
and  Trading  Company,  later  called  the  Russian-American  Mining 
and  ^Exploration  Company,  were  continued  up  to  about  1891  at 
Omalik,  but  though  some  ore  was  shipped,  the  mine  never  actually 
reached  a  paying  stage.  This  enterprise,  however,  led  to  a  better 
knowledge  of  the  region  and  to  the  establishment  of  a  trading  post 
on  Golofnin  Bay  by  John  Dexter,  an  employee  of  the  company. 

Dexter's  post  was  long  the  only  wdiite  settlement,  but  about  1890  a 
Congregational  mission  was  established  at  Cape  Prince  of  AA^ales,  and 
later  a  Swedish  Evangelical  mission  was  founded  on  Port  Clarence, 
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and  another  on  Golofnin  Bay.  About  the  same  time  the  Government 
began  the  importation  of  reindeer  from  Siberia,  and  stations  were 
established  at  various  points  in  the  peninsula. 

Previous  to  1897,  though  no  doubt  a  few  prospectors  *  had  roamed 
over  parts  of  the  peninsula,  no  mineral  wealth  had  been  found,  save 
the  Omalik*  galena  deposit  and  a  little  alluvial  gold  in  the  Fish 
River  basin.  A  little  placer  mining  is  said  to  have  been  done  at  this 
time.  As  operations  at  the  silver  mine  had  practically  ceased,  the 
whole  population  included  only  a  few  missionaries,  traders,  and  Gov- 
ernment reindeer  herders.  This  region  then  like  most  of  Alaska, 
except  the  Pacific  seaboard,  had  made  almost  no  industrial  advance 
since  the  Russian  occupation. 

While  Seward  Peninsula  was  neglected  up  to  1897,  the  ever  active 
prospector  had  penetrated  the  Yukon  basin  and  discovered  placers 
which  had  been  productive  in  a  small  way  for  upward  of  a  decade. 
This  activity  was  suddenly  augmented  in  1896,  when  the  Klondike 
placers  were  found,  and  in  less  than  a  year  this  isolated  region  be- 
came a  focal  point  of  public  interest  throughout  the  civilized  world. 
Then  the  wild  excitement  of  the  California  rush  of  half  a  century 
before  was  duplicated,  and  probably  50,000  gold  seekers  turned  their 
faces  northward.  The  popular  belief  that  Alaska  was  a  barren  field 
for  all  except  the  fur  hunters  quickly  disappeared  and  was  replaced 
b}'  the  equally  absurd  conclusion  that  the  entire  territory  was  gold 
bearing.  As  a  result  of  this  erroneous  opinion,  expeditions  were 
equipped  to  search  for  gold  in  all  parts  of  the  territory.  Most  of 
these,  however,  were  bent  on  reaching  the  interior,  and  Seward  Pen- 
insula was  practically  qverlooked. 

The  Kotzebue  Sound  region  attracted  about  1,500  people,  and  some 
of  them,  becoming  discouraged  at  the  outlook,  made  their  way  south- 
ward to  Grolofnin  Bay.  To  the  same  point  came  other  groups  of 
prospectors  from  St.  Michael  who  despaired  of  being  able  to  ascend 
the  Yukon.  It  was  some  of  these  men,  whom  chance  rather  than 
design  had  brought  to  the  district,  that  made  the  third  ^  discovery  of 
alluvial  gold  in  the  peninsula,  and  they  were  the  first  to  prove  its 
commercial  importance.  The  party  which  found  these  workable 
placers  included  Daniel  B.  Libby,  a  member  of  the  Von  Bendeleben 
expedition  of  1866,  L.  S.  Melsing,  A.  P.  Mordaunt,  and  H.  L.  Blake. 
The  first  gold  was  discovered  in  the  gravels  of  what  they  called 
Melsing  Creek,  in  March,  1898,  and  a  little  later  placers  were  found 
on  an  adjacent  stream  named  Ophir  Creek.  In  accordance  with  the 
United  States  mining  laws  and  in  keeping  with  a  long-established 

•  There  Is  a  story  current  that  a  Swede  named  Johansen  found  placer  gold  and  did  n 
little  slaicing  at  the  mouth  of  the  Casadepaga  In  1894. 

*  Omalik  Is  said  to  be  the  Eskimo  word  for  high  chief. 

*"  As  has  been  set  forth,  the  first  was  made  by  the  telegraph  expedition,  and  the  8e<'ond 
-probably  by  some  of  those  connected  with  the  silver-mining  enterprise  on  Fish  River. 


iistoin^  a  *' miners'  meeting''  was  calle<l,  and  the  ^'Discovery  ctis- 
trict ''  was  organized  April  25,  and  a  recorder  elected.  As  soon  as  tb 
fr'now  had  disappeared,  mining  was  begun  as  systematically  as  the 
irii^inis  at  hand  woukl  allow.  The  equipment  of  these  pioneer  phuw 
miners  of  the  peninsula  was  very  meagt^r,  and  eonsequently  tKi* 
efforts  at  exploitation  were  crude.  Fortunately  the  region  afforded 
aoiiiii  spruce,  and  sluice  boxes  could  therefore  be  constructed  from 
whipj&awed  hunber*  Such  methods  yielded  a  return  during  the  sum- 
mer  variously  estimated  at  $30,tX)0  to  $100,000. 

In  the  summer  of  1898  there  were  probably  several  hnndred  men 
in  the  new  district,  but  the  intei-est  in  it  hardly  extended  lieyond  its 
borders.  Even  at  St.  Michael,  only  100  miles  away,  which  the  writer 
visited  in  September  of  that  ye^r,  hardly  any  attention  wat?  paid  to 
this  new  camp.  The  reason  for  this  apathy  was  twofold^first,  the 
Alaskan  public  !md  become  tired  of  unfounded  rumors  of  rich  dis- 
coveries, and,  secern d,  the  excavations  on  Ophir  Creek  had  not  by  any 
means  gone  far  enough  to  prove  the  great  richness  of  its  gravels. 

There  was  at  least  one  little  group  of  men  among  those  in  the 
new  district  who  had  tlie  enterprise  tt»  extend  their  field  of  pro^ 
pecting  beyond  the  narrow  limits  in  which  the  placers  had  been 
found.  These  nien  are  said  to  have  been  influenced  in  directing  their 
journey  by  the  rumor  of  a  discovery  of  coarse  gold  on  Sinuk  River 
by  a  Government  reindeer  herder*  Be  that  as  it  may,  a  party  said 
to  hiive  included  N.  C.  Hultberg,  J.  J.  Brimteson,  H.  L.  Blake,  antl 
J.  L.  Haggalin  sailed  westward  from  Golofniii  B^y  in  a  snmll  boat 
in  July,  1898,  and  became  stormbound  near  the  present  site  of  Nome. 
Prospecting  the  Snake  River  bars  revealed  some  fine  gold  colors,  and 
coarser  gold  is  said  to  have  been  found,  July  26  or  27,  on  what  was 
afterwards  called  Anvil  Creek.  Most  of  the  party,  however,  consid- 
ered the  prospect  not  encouraging  and  decided  to  continue  the  journey 
to  Sinuk.  As  nothing  was  found  there,  the  party  returned  to  Golof- 
nin  Bay.  The  gold  found  on  Snake  River  was,  however,  regarded 
by  some  as  sufficiently  encouraging  to  warrant  further  investigation, 
so  Brynteson,  with  two  companions,"  Jafet  Lindeberg  and  Erik  0. 
Lindblom,  returned  to  the  scene  of  this  discovery  about  the  middle 
of  September,  and  on  the  20th  they  found,  on  what  they  named  Anvil 
Creek,  the  rich  placers  which  were  destined  to  render  this  region 
famous  throughout  the  world. ^    Though  none  of  the  party  w^ere  ex- 


"  According?  to  somo  accounts  A.  N.  Kittlcson,  O.  W.  Prioo,  nnd  a  I.nplnndor  named 
John    Tornensls    were    also    in    this    party. 

*•  Since  the  above  was  written  a  letter  has  been  received  by  Frank  L.  Hess  from  Jafet 
IJndoborfr,   which,   from   its   interest,   Is  quoted  nt   length  : 

"  Dear  Sir  :  As  per  your  request,  I  herewith  nriake  a  report  concorninp  the  discovery 
of  ;j:old  and  its  development  on  the  Seward  Peninsula,  which  dates  from   1897,   and   will 
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perienced  gold  prospectors,  yet  they  could  not  but  realize  the  impor- 
tance of  this  discovery.  The  season  was  far  advanced,  but  two  crude 
rockers  were  constructed,  and  by  using  heated  water  about  $1,800 
worth  of  gold  was  extracted  from  the  gravels  of  Anvil  Creek  and 

weU-known  trader  at  Grolofnln  Bay,  supplied  several  natives  with  ^old  pans  and  taught 
them  how  to  wash  out  a  pan  of  dirt.  For  that  purpose  he  obtained  some  {?old  dust 
from  St.  Michael,  and  would  sprinkle  a  little  in  a  pan  of  beach  sand  at  Goiofnln  Ray. 
These  natives  would  carry  .the  gold  paps  with  them  on  their  Ashing  and  squirrel-hunting 
trips,  and  it  was  while  out  on  one  of  these  trips  that  Tom  Guarick,  a  native  Esquimaux, 
made  the  discovery  of  gold  on  Ophir  Creek,  in  the  Council  City  district,  which  at  that 
time  had,  in  all  likelihood,  never  been  visited  by  white  man.  Tom,  on  his  return  to 
Dexter's,  reported  his  discovery  and  brought  back  about  one-half  ounce  of  gold  dust. 
This  was  in  August,  1897.  One  month  later  Daniel  B.  Libby,  A.  P.  Mordaunt,  L.  S. 
Melslng,  and  Harry  Blake,  who  were  sent  by  San  Francisco  capitalists  in  the  spring 
of  1897  to  roam  around  that  part  of  Alaska  under  a  grub-stake  contract,  landed  at 
Golofnin  Bay,  and  on  reaching  Dexter's  house  saw  this  gold.  On  inquiry  they  were  told 
when  and  how  it  was  found,  and  a  few  days  later,  with  Tom,  the  native,  as  a  guide, 
they  were  taken  to  Ophir  Creek,  which  was  later  named,  and,  on  prospecting  there, 
found  that  native  Toin  had  made  a  discovery  of  gold  on  tliat  creek.  All  through  the 
winter  of  1807  and  1808  the  party,  with  other  residents  of  the  vicinity,  prospected  the 
diiferent  creeks,  and  finally  in. April,  1898,  staked  mining  claims  on  Ophir  Creek  and 
Melslng  Creek.  They  then  organized,  the  El  Dorado  mining  district,  elected  a  mining 
recorder,  and  formulated  a  set  of  mining  rules.  The  first  stakors  and  organizers  of 
the  district  were  Daniel  B.  Libby,  A.  P.  Mordaunt,  L.  S.  Melslng,  II.  L.  Blake,  Dr.  A.  N. 
Kittleeon,  who  had  been  in  charge  of  the  Government  reindeer  station  at  Port  Clarence ; 
Rev.  N.  C.  Hultberg,  a  missionary  at  Golofnin  Bay ;  P.  H.  Anderson,  a  missionary  teacher 
at  Golofnin  Bay,  and  John  A.  Dexter.  This  discovery  was  soon  noised  abroad,  and  a 
stampede  to  the  new  diggings  followed  from  near-by  points. 

••  I,  Jafet  Lindeberg,  a  native  of  Norway,  came  to  this  country  in  the  spring  of  1898 
with  Sheldon  Jackson,  superintendent  of  the  Government  reindeer  enterprise,  for  the 
express  purpose  of  going  to  Plover  Bay.  in  eastern  Siberia,  to  relieve  Captain  Kelly. 
who  was  trading  at  that  place  for  reindeer  for  the  Government.  In  furtherance  of  this 
agreement,  I  left  Seattle  on  the  steamer  Del  Norte  early  in  1898,  taking  with  me  a  stock 
of  provisions,  and  not  interfering  with  the  Government  business  for  which  I  was  to 
be  assigned.  On  arrival  at  St.  Michael,  news  was  brought  to  Doctor  Jackson  that  Cap- 
tain Kelly  bad  been  driven  away  from  Plover  Bay  by  hostile  natives.  It  was  then 
decided  that  it  would  be  unwise  to  sond  me  over  there,  and,  being  left  without  a  suitable 
position.  Doctor  Jackson  gave  me  permission  to  leave  the  Government  employ.  This 
I  did,  and,  taking  my  outfit,  made  for  the  new  diggings  at  Council  City,  which  had  been 
located  on  the  banks  of  the  Niukluk  River,  near  Ophir  Creek. 

"  John  Brynteson,  a  native  of  Sweden  and  an  experienced  coal  and  iron  miner,  who 
for  seven  years  had  worked  In  the  mines  in  Michigan,  determined  to  go  to  Alaska  and 
look  for  coal.  Arriving  at  St.  Michael  and  hearing  of  the  discoveries  on  Ophir  Creek, 
be  promptly  left  St.  Michael  for  Council  City,  arriving  there  early  in  the  summer  of  1898. 

"  Erik  O.  Idndblom,  a  native  of  Sweden,  by  profession  a  tailor,  and  for  years  follow- 
ing bis  trade  in  San  Francisco,  while  there,  hearing  of  the  fabulous  reports  from  Kotzebue 
Sound,  joined  that  mad  stampede,  going  north  on  the  bark  Alaska.  Arriving  at  Port 
Clarence  on  bis  way  to  Kotzebue  Sound  and  hearing  of  the  gold  discovery  on  Ophir  Creek, 
he  left  tbe  ship  and  proceeded  to  Golofnin  Bay,  thence  to  Council  City. 

••  We  three  men  met  by  chance  at  Council  City  in  August,  1808 ;  after  prospecting 
aroond  in  that  district  for  some  time  and  staking  claims,  formed  a  prospecting  compan- 
ionship and  decided  to  prospect  over  a  wider  range  of  territory.  Even  at  this  early 
date  tbe  Council  City  district  was  overrun  by  stampeders,  and  staked  to  the  moun- 
tain tops;  BO  we  proceeded  to  Golofnin  Bay,  and  taking  a  large  open  boat  and  an 
outfit  of  provisions,  on  September  11,  1898,  started  up  the  coast  toward  Port  Clarence, 
stopping  at  the  various  rivers  to  prospect  on  the  way.  in  which  we  found  signs  of  gold, 
but  not  in  paying  quantities,  and  finally  arriving  at  what  is  now  known  as  the  town 
of  Nome.  From  there  we  proceeded  up  Snake  River,  which  we  named,  and  camped  at 
tbe  mouth  of  Glacier  Creek,  prospecting  as  wo  went  along.  The  first  encouraging  signs 
of  gold  we'  found  on  the'  banks  of  Snake  River  was  at  about  the  place  where  Lane's 
pumping  plant  is  now  located.  After  locating  our  camp  as  before  mentioned,  we  pro- 
ceeded to  prospect  along  the   tributaries  of   Snake  River,  which  tributaries  we  named 
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Snow  Gulch,     Claims  were  also  staked  on  Anvil  and  Glacier  creeks^ 
as  well  as  on  Snow  Gulch  and  other  small  creefe* 

On  the  return  of  this  party  to  Golofnin  Bay  early  in  October  the 
news  quickJy  spread,  and  soon  all  within  its  reach  started  for  Anvil 
Creek.  On  October  18,  at  a  miners'  meeting,  tlie  Cape  Nome  mining 
district   was   fonnt^d,   and   A.   N.   Kittleson   wa^^  elected    recorden 


aa  roUowa :  An^U  Creek  (taking  tbe  name  from  da  iin\*j]-«hRp4fi!  rock  which  staods  od 
the  motiiititlti  tits  the  east  alile  of  the  creek  K  Bdow  (Jiik-h,  (IhicU^r  Crt>*?!i,  Hofk  Creek, 
and  Dry  Creek,  la  ali  of  which  we  found  g<M  In  paying  q  nan  titles,  and  proi^eeded  to  locale 
claims^  tirat  on  Anvil  Creek,  bec&uaa  we  found  Iwtler  jirtjspecta  In  that  creek  than  In  thff 
others,  liDd  wboft*  we  located  the  *'  discovery  claim  "  In  t2ie  niime  of  UiJ  three  Jolntlj. 
In  addition  to  thla^  each  man  EttJiked  a  ^parate  elalm  In  hU  own  name  on  the  ereek. 
This  was  the  unlvL^rsal  cu«toni  tn  Alaska,  as  It  waa  con  ceded  that  the  dlseovcrer  was 
entitled  to  a  dlseuvt^ry  chiLm  and  one  otUfsr.  After  locytln^  on  Anvit  Creeks  clalma  weiv 
staked  on  Snow  Gulch,  Drj'  Creek,  and  Rock  Creek,  afttsr  which  we  returned  to  tJolnfnIn 
Bay  II nd  r**porled  the  dlscov*?ry. 

"It  wais  then  decided  to  form  a  tnlniug  dlfttrtct,  so  we  three  orlFlnnl  dl^^x^veren 
urKanlzf'd  a  piLrty,  taklnjif  with  us*  l>r*  A.  N.  KltUesoUt  G.  W.  Triee,  P.  H.  AnderBon,  and 
a  few  others,  aj^aln  proceeded  to  ^ioute  In  a  i^iuiLll  acbooner  which  we  chartered  at 
tiolofnin  Hay*  purehaslnif  as  many  itrovlBlona  as  we  could  carry  on  the  hoat*  and  on  cnir 
arrival  the  Cajie  Nome  nUnln^  dlatrk^r  was  organf^ed.  and  Ur  A.  N^  KSttleson  elected 
till*  lirst  rvcordt-r.  Riilea  wt^n^  fortnuiatecit  after  whh'h  thi*  party  prosjici'tid  and  fjtakf*fl 
clatma,  finally  returning  to  Golofnin  Bay  for  winter  Quarter s«  The  news  spread  lUce 
wlldllrc,  and  t^oon  a  wild  »1ampedo  wii»  made  to  tli«  new  diggings  from  Council  City,  SL 
Michael*  and  the  fa; -off  Yukon. 

"At  thie  period  very  few  mining  men  were  tn  the  country*  the  newcomers  In  maaj 
jniitanceB  being^  from  every  trade  known.  The  conELequence  of  this  was  ^ooq  wi^lt  known  ^ 
a  few  men  with  a  flmatteHog  of  education  g&vti  their  own  Interpretation  to  tbt?  mining 
laws,  hence  Juniplnj^  win  Jug  chilms  *toim  iKcame  an  active  Industry,  Especially  from 
Council  City  came  the  jumpers,  who  were  tlie  original  men  John  De^tler,  by  an  Esqnt-  w] 
moux,  had  guided  to  the  tirst  discovery  of  gold  on  the  Seward  PflnlnBula.  They  wer* 
angry  to  think  that  they  had  not  been  taken  in  at  the  beginning,  so  a  few  of  them 
promptly  jumped  nearly  every  claim  on  Anvil  Creek,  although  there  was  an  abundance 
of  vacant  and  unlocated  ground  left  which  has  since  proved  to  be  more  valuable  than 
the  original  claims  located  by  us  and  our  second  party  wlio  helped  us  to  form  the  dis- 
trict. This  jumping,  or  relocating  of  claims  by  the  parties  above  named,  poisoned  the 
minds  of  all  the  newcomers  against  every  original  locator  of  mining  claims,  and  as  a 
consequence  every  original  claim  was  relocated  by  from  one  to  a  dozen  different  parties. 

"At  that  time  L.  B.  Shepard  was  United  States  commissioner  at  St.  Michael,  and  in 
no  case  did  a  jumper  have  a  chance  to  profit  by  his  villainy,  if  Judge  Shepard  could 
prevent  it.  Another  strong  factor  for  good  government  at  St.  Michael  and  vicinity  was 
('apt.  E.  S.  Walker,  of  the  United  States  Army.  With  exceptionally  good  judgment  and 
a  fearless  attitude  he  held  the  lawless  element  in  check,  and  great  credit  should  be 
given  him. 

"  In  the  early  months  of  1899  we  hauled  supplies  to  the  creeks,  and  as  soon  as  the 
thaw  came  began  active  mining  on  Snow  Gulch  and  on  Anvil  Creek.  Soon  a  large  crowd 
flocked  to  Nome,  which  was  then  known  as  Anvil  City.  Among  this  crowd  was  a  large 
element  of  lawless  men  who  soon  joined  forces  with  the  Council  City  jumpers,  and  every 
effort  was  made  by  them  to  create  trouble.  Secret  meetings  were  iield  and  a  plan  formu- 
lated whereby  arrangements  were  made  to  call  a  mass  meeting  of  miners,  and  at  this 
meeting  declare  all  the  acts  of  the  original  miners'  meeting  that  organized  the  district 
invalid,  and  to  throw  open  all  claims  for  relocation.  This  nefarious  scheme  leaked  out, 
and  word  was  sent  to  Captain  Walker  at  St.  Michael,  who  promptly  dispatched  Lieutenant 
Spauldlng  with  a  detachment  of  troops  to  Nome.  A  few  days  after  their  arrival  the 
projected  mass  meeting  was  called.  Here  the  agreed-on  resolutions  were  offered,  which, 
if  passed,  would  have  created  bloody  riot.  Lieutenant  Spaulding  dispersed  the  meeting, 
receiving  the  thanks  of  the  entire  mass  of  law-abiding  citizens  of  Nome  and  vicinity  for 
this  act,  •  ♦  •  and  had  it  not  been  for  the  military,  who  proved  themselves  to  b« 
the  true  men  to  the  American  Government,  much  riot  and  bloodshed  would  have  resulted 
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Though  it  was  now  too  late  to  do  any  mining,  or  even  prospecting, 
there  was  abundant  opportunity  to  stake  claims,  and  of  this  all  took 
advantage.  Each  man  filed  locations  on  as  many  claims  for  himself 
and  his  friends  as  he  thought  by  any  chance  he  could  retain  in  his 
possession.  To  such  an  extent  was  the  right  of  staking  by  power  of 
attorney  abused  that  no  less  than  7,000  acres  were  filed  on  by  not 
more  than  40  men.  Here,  as  elsewhere  in  Alaska,  the  preemption 
under  the  mineral  laws  of  many  claims  in  one  district  by  individuals 
under  power  of  attorney  or  otherwise,  which  under  a  strict  interpre- 
tation of  the  statutes  would  appear  to  be  illegal,  has  discouraged 
legitimate  prospecting  and  retarded  the  development  of  mining 
interests. 

THE  FIRST  YEAR   OF  MINING. 

When  the  Nome  mining  district  was  organized,  Seward  Peninsula 
was  practically  cut  off  from  communication  with  the  outside  world, 
for  the  nearest  post-office  was  St.  Michael,  100  miles  away,  and  that 
received  mail  only  during  the  open  season.  However,  rumors  of  the 
discovery  of  these  rich  placers  gradually  reached  other  parts  of 
Alaska,  and  during  the  fall  and  winter  of  1898-99  many  men  came 
from  St.  Michael  and  even  from  the  Yukon.  By  the  middle  of  May, 
3899,  Nome,  then  called  Anvil  City,  probably  had  a  population  of 
250.  Meanwhile,  before  the  ice  broke,  the  news  had  been  carried  up 
the  Yukon  to  Dawson,  and  thence  to  the  outer  world.  This  caused  a 
general  movement  toward  Nome  among  Yukon  miners,  but  the  world 
at  large  was  far  from  being  convinced  of  the  authenticity  of  the  pub- 
lished statements,  for  it  had  come  to  regard  with  considerable  skepti- 
cism the  wild  tales  emanating  from  the  northland  during  the  Klon- 
dike excitement.  Late  in  June  several  vessels  reached  Nome  from 
Puget  Sound  and  found  a  population  of  about  400  living  in  tents  and 
in  a  score  of  driftwood  cabins.  Mining  began  June  20,  and  the 
steamers  returning  to  Seattle  brought  confirmatory  news  of  placer 
gold  in  this  new  camp.  It  was  not  until  then  that  people  began  to 
take  the  rumors  seriously  and  that  any  real  excitement  arose  about 
the  new  district.  As  a  result,  several  steamers  sailing  for  St.  Michael 
touched  at  Nome  to  discharge  passengers  and  freight.  These  newcom- 
ers, together  with  those  that  found  their  way  down  the  Yukon  from 
Dawson  and  other  points,  swelled  the  population  of  Nome  to  nearly 
3,000.  By  the  late  fall  of  1899  a  veritable  frenzy  seized  the  people 
of  the  Yukon,  and  not  a  few  settlements  were  almost  depopulated  as 
a  result  of  the  rush  to  Nome. 

Meanwhile,  in  the  early  summer,  there  was  anything  but  a  con- 
tented community  at  Nome.  The  newcomers  had  found  the  whole 
region  covered  with  location  notices  and  very  little  mining  being 
done.    The  professional  claim  stakers  had  followed  their  usual  prac- 
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tice  of  blanketing  the  creeks  with  location  notices,  under  powers  ni 
attorney,  and  thon  holding  many  claims  without  doing  any  prc*s[)€*^t' 
iiig,  in  the  hope  of  being  able  to  take  advantage  of  any  discovmes 
made  by  the  labors  of  others.  In  the  early  pait  of  July  probably  1**^ 
than  seven  hundred  men  were  actually  engaged  in  mining,  while 
upward  of  a  thousand  were  idle,  with  neither  prospect  of  employmer^t 
as  miners  nor  opportunity  to  prospect  in  the  district.  It  should  be 
remembered  that  at  that  time  gold  had  been  found  in  only  a  ven^ 
small  area  adjacent  to  Anvil  Creek*  These  idle  men  believed  that 
many  of  the  locations  were  illegal,  as  they  unquestionably  were  under 
a  strict  interpretatioti  of  the  statutes,  for  as  the  law  requires  an  actual 
discovei-y  of  gold  on  each  claim  it  is  obvious  that  a  man  who  staked 
twenty  to  thirty  claims  in  a  few  days  <^ouId  not  have  determined  the 
presence  of  gold  in  them.  It  was  also  charged  that  many  clainiB  had 
been  hx^ated  hy  aliens  and  wei"e  then?fon*  not  legal  preemptions. 
Under  these  conditions  it  is  not  to  be  wondei*ed  that  an  era  of  "'  claim 
jumping''  Ijegan,  during  which  praetirnlly  every  property  of  any 
prospective  value  was  rcstakerh  It  wa^  then  not  uncommon  to  tiiid 
a  claim  rorner  marked  by  half  a  dozen  stakes^  each  of  which  repre* 
aented  a  difft^rent  r  hum  ant* 

Tbt^  nearest  [Jriited  States  commissioner  was  at  St.  Michael,  and 
there  was  then^fore  practimlly  no  means  of  enforcing  civil  law.  In 
fact,  there  wei^e  nn  I'epresentatives  of  the  Government  at  Nome  except 
an  officer  inid  a  small  detachment  of  soIdiei>;  which  had  Ijeen  ^^nt  m.r 
from  the  army  post  at  St.  Michael  in  the  spring.  On  the  comman- 
dant of  this  handful  of  soldiers  rested  the  responsibility  of  maintain- 
ing law  and  order  among  a  thousiind  discouraged  and  angry  men,  a 
task  made  all  the  more  difficult  because  he  was  without  any  actual  leg:d 
authority.  He  deserves  credit  for  meeting  the  situation  as  far  as  it 
lay  in  his  power  by  patrolling  property  to  which  there  were  rival 
claimants  and  by  attemptuig  to  settle  the  constantly  rising  disputes. 
Discontent  was  rife,  and  matters  went  from  bad  to  worse.  July  10  a 
so-called  '^  miners'  meeting ''  was  called  for  the  purpose  of  discussuig 
the  situation,  and  a  resolution  was  there  presented  *»  setting  forth  the 
grievances  tif  tlioso  who  lielieved  that  tht^  claim  locations  had  not  beea 
made  iji  acctUMlunci*  with  the  United  Stntes  statutes.  Wliih^  it  must  be 
lulinitted  that  the  mdinjited  -staking  was  undtnditeilly  illegal,  yet  thi-^ 
meeting  was  nniinly  attended  by  tliost*  who,  Utr  nuv  reiison  or  anothtT, 
had  not  succeeded  in  getling  hold  <jf  ]>lacer  claims.  Had  these  dist.-eii- 
tented  men  spent  less  time  in  ])rotosting  antl  airing  their  grievance^ 
and  more  in  prospecting  they  would  have  Wvu  better  off,  as  subsetjuent 
uperations  l>;ivc  shown  tlnit  tht're  remained    mii(*h    valuable    jilnn^r 
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no  doubt  tending  to  increase  the  dissatisfaction,  was  entirely  within 
the  legal  rights  of  the  individuals  who  believed  that  they  had  been 
wronged.  Therefore  the  peremptory  dispersing  of  the  crowd  attend- 
ant at  the  meeting**  by  the  commandant  of  the  troops  was  a  high- 
handed proceeding,  entirely  unwarranted  either  in  law  or  equity.  The 
tension  grew  day  by  day,  and  conflicts  between  rival  claim  owners 
l>ecame  not  infrequent.  To  rectify  matters,  the  military  promulgated 
the  following  order  on  July  13 : 

To  put  an  end  to  apparent  miBunderstandingR,  the  following  statement  is  pub- 
lished : 

All  disputed  titles,  whether  to  mining  claims  or  town  lots,  shall  at  once  l)e 
brought  before  the  civil  authorities  for  settlement.  So  long  as  the  civil  authori- 
ties can  handle  such  matters  the  military  authorities  will  take  no  action.  In 
ease  it  becomes  necessary  for  the  military  authorities  to  act,  the  claim  or  lot  will 
be  held  in  its  condition  at  the  time,  neither  party  l)eing  allowed  to  do  any  work 
to  change  the  condition  of  the  same. 

While  there  exists  no  objection  to  the  holding  of  orderly  meetings  for  the 
discussion  of  ordinary  business  affairs,  in  any  meeting  held  for  the  purpose 
of  acting  in  district  affairs  no  person  is  entitled  to  participate  excepting  claim 
holders.  Any  attempt  so  to  participate  by  other  persons  is  illegal,  and  the 
proper  steps  will  be  taken  to  prevent  it. 

Decisions  and  orders  of  the  civil  courts  will  be  supported  by  the  entire  power 
and  authority  of  the  United  States  troops. 

No  persons  will  be  allowed  to  carry  firearms,  revolvers,  or  pistols.  Anyone 
violating  this  order  will  have  said  firearms  confiscated. 


« Another  version  of  this  affair  is  contained  in  the  following  note  furnished  by  Mr. 
Hess: 

"The  statement  of  Dr.  A.  N.  Kittleson  about  this  miners'  meeting  as  he  made  it  to 
me  this  last  summer  (1005),  as  nearly  as  I  can  give  it  from  memory,  was  as  follows  : 

**  In  the  summer  of  1899  he  and  the  other  original  stakers  on  Anvil  Creek  ^ho  were 
then  attempting  to  work  their  claims  practically  had  to  stand  over  them  with  guns  all 
the  time  to  keep  from  being  overrun  by  parties  of  gamblers,  professional  jumpers,  and 
other  riffraff.  Circumstances  became  so  bad  that  Doctor  Kittleson  went  over  to  St.  Mi- 
chael and  asked  that  a  detachment  of  soldiers  be  sent  to  Nome  for  the  protection  of 
property.  This  was  done,  and  a  great  deal  of  hard  feeling  followed,  especially  toward 
Doctor  Kittleson,  but  it  seemed  to  be  the  only  way  In  which  the  original  stakers  could 
hold  their  property.  The  '  outsider '  had  at  first  held  that  the  original  claims,  which 
had  been  laid  out  1,320  by  660  feet,  according  to  the  statute,  should  be  reduced  to  500 
feet  in  length,  and  this  it  was  proposed  to  do  by  force.  Shortly  after  this  the  other  par 
ties  who  had  been  attempting  to  force  the  original  stakers  off  their  claims  called  a  '  min 
era*  meeting,'  before  doing  which  they  conspired  to  offer  n  resolution  declaring  all  exist 
Ing  locations  void.  Meanwhile  men  had  been  stationed  upon  Anvil  Mountain  with  in- 
atructions  that  on  the  passing  of  the  resolution  a  bonfire  should  be  started  in  Nome,  at 
which  signal  the  men  were  to  hurry  down  from  the  mountain  and  restake  the  claims  on 
Anvil  Creek,  thus  getting  ahead  of  the  rush  which  would  follow  from  Nome.  A  rumor 
of  this  intended  action  had  come  to  Doctor  Kittleson,  who  communicated  with  the  mil! 
tary  authorities,  and  a  lieutenant  with  two  or  three  men  went  to  the  meeting  and  took 
places  on  the  platform.  When  the  resolution  was  introduced,  declaring  all  the  locations 
void  and  the  land  open  for  relocation,  the  lieutenant  ordered  that  the  resolution  l)e  with- 
drawn within  two  minutes,  stating  that  he  considered  it  not  for  the  good  of  the  commu- 
nity, and  that  if  it  was  not  withdrawn  he  would  clear  the  hall.  The  men  tried  to  argue 
with  the  lieutenant,  but  be  was  firm  and  at  the  end  of  the  two  minutes  ordered  the  ser- 
geant accompanying  him  to  clear  the  hall,  which  was  done.  Later  the  claims  were 
Jumped  and  long  litigation  followed.  One  man  told  me  that  the  company  with  which  he 
was  connected  had  alone  spent  over  $200,000  in  lawyers*  and  court  fees  in  holding  Its 
propertj." 


This  order,  though  undoubtedly  intended  to  relieve  the  Bitiiation. 
wa8  far  from  having  this  (effect.  The  ownership  of  practically  every 
phiocr  claim  which  had  been  exploited  was  rightfully  or  w^rongfiiUv 
disputed,  and  had  this  order  heen  strictly  enforced  mining  at  Nome 
would  have  ceased.  8uch  an  eventuality  would  have  worked  grear 
hardsliip  on  many  bona  fide  jiroperty  owners  who  depended  on  tk 
!4ummer  yield  of  their  mines  for  capital  to  make  more  extensive  devel- 
opment in  the  following  j^mson.  To  meet  this  condition,  a  modificii- 
tion  of  the  order  was  made,  as  follows: 

Tbe  instractloiM  (^ntaln^  in  the  order  of  July  13»  1809»  poBte<l  at  Anvil  Cltyi 
fNoioel,  win  be  JimemJetl  mt  a^  to  ftermlt  oHglnfll  ItK'ator*!  tit  work  on  tb^lF 
i^lalms  to  contJnue  tlielr  work  In  tht^  evf*nt  IhtU  rniytinf*  jumps  thf  rhitm.  'IV 
mo  Iter  eaii  nfterw«rdR  l*e  settled  by  the  elvn  autiMiHtien. 

The  situation  was  suddenly  relieved  in  an  nnexfx^eted  Tnanner,  It 
was  accidentally  discovered  that  (he  l)eacli  sands  wen^  rich  in  gold. 
It  appears  that  the  heach  pla<'ei*s  were  found  «lmoHt  simultaneously  by 
a  soldier  of  the  barracks  and  John  Hmiimcl/  an  old  Idaho  prospector 
who  was  too  sick  to  leave  tlie  coast.  Within  a  few  days  tlie  mutter- 
ings  of  discontent  were  almost  silenced  because  it  was  found  t  liat  goo 
wages  could  be  made  with  rockers  on  the  beach.  All  the  idle  moa 
went  to  work  as  fast  as  they  conld  obtain  implements.  As  it  gradu- 
ally became  known  that  the  beach  sands  for  several  miles  were  gold 
Isearing  and  could  lie  made  to  yield  from  $20  to  $100  a  dny  to  the 
man,  a  veritable  frenzy  seized  the  people  of  Nome.  A  large  part 
of  the  population  went  to  work  with  shovels  and  rockers.  During 
the  height  of  the  excitement  it  is  estimated  that  there  w^ere  2,000 
men  engaged  in  beach  mining.  The  yield  of  the  beach  placers  is 
estimated  at  more  than  $1,000,000,  and  this  was  practically  all  taken 
out  with  hand  rockers  in  less  than  two  months. 

There  was  one  legal  complication  relative  to  beach  mining  which 
threatened  to  be  serious,  but  ended  rather  ludicrously.  Previous  to 
the  discovery  of  the  beach  gold  many  so-called  "tundra  claims" 
had  been  staked,  which  stretched  inland  from  the  ocean.  A  group 
of  these,  including  the  richest  beach  deposits,  has  been  segregated 
and  passed  into  the  control  of  one  company.  When  l^each  minin<r 
began  this  company  claimed  that  it  owned  the  beach  and  w^arned  off 
all  trespassers  unless  they  paid  a  royalty  of  50  cents  a  da^^  for  the 
privilege  of  mining  along  the  w  ater  front.  Most  of  the  miners,  how- 
ever, contended  that  a  OO-foot  strip  from  high  water  was  public  prop- 
erty and  paid  no  heed  to  the  warning  against  trespassing.  The  com- 
pany thereupon  appealed  to  the  commandant  of  the  troops,  and  he 
warned  off  all  beach  miners.     The  order  was  not  obeyed,  and  he 
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reached  the  point  of  absurdity.  There  being  no  civil  magistrate  at 
hand  before  whom  these  men  could  be  tried,  no  building  in  which 
they  could  be  confined,  nor  any  funds  from  which  they  could  be  sup- 
ported while  awaiting  trial,  the  perplexed  oflScer  was  forced  to  dis- 
charge all  his  prisoners,  who  all  promptly  returned  to  their  rockers 
on  the  beach.  Later  decisions  of  the  Land  OflSce  have  not  upheld  the 
claims  of  this  company  to  the  gold  in  the  beach,  for  a  60-foot  strip 
of  the  beach  has  remained  open  for  mining  to  all  comers. 

During  this  same  summer  a  few  enterprising  men  stnick  out  to  seek 
new  fields.  Some  went  eastward  and  found  gold  on  a  number  of 
southward-flowing  streams,  including  Bonanza  and  Solomon  rivers, 
but  were  unable  to  prove  its  presence  in  commercial  quantities. 
Others  went  westward  and  named  and  staked  Cripple  and  Penny 
rivers.  Gold  was  also  found  during  this  season  in  the  gravels  of 
some  streams  near  Cape  York,  and  the  York  mining  district  was 
organized. 

In  the  fall  of  1899  Nome's  ^  population  of  more  than  3,000  was  shel- 
tered in  a  few  score  of  frame  and  galvanized-iron  buildings  and  in 
several  hundred  tents  and  low  driftwood  cabins.  These  were  irregu- 
larly distributed  along  both  sides  of  a  muddy  thoroughfare,  a  mile  in 
length,  which  extended  close  to  the  edge  of  the  tundra.  Late  in  Sep- 
tember, when  the  writer  first  visited  this  region,  the  aspect  of  the 
town  and  its  environment  was  anything  but  attractive.  Back  of  the 
settlement  stretched  the  bleak  tundra,  and  the  front  was  bounded  by 
the  surf -swept  beach. 

The  yield  of  the  beach  placers  gave  the  settlement  great  prosperity. 
Prices  were  high,  as  there  was  a  scarcity  of  nearly  everything  except 
gold.  Before  the  last  outgoing  steamer,  lumber  cost  from  $100  to 
$150  a  thousand  and  coal  from  $50  to  $100  a  ton.  Fresh  meat,  mostly 
reindeer  brought  from  Siberia,  commanded  $1  a  pound  and  eggs  $3 
to  $4  a  dozen.  The  cost  of  meals  varied  from  $1  to  $2.50.  Small 
cabins,  on  lots  staked  on  the  tundra  back  of  the  town  with  nothing  but 
squatter's  title,  found  ready  market  at  $600  to  $700,  while  corner  lots, 
also  with  uifcertain  titles,  on  the  main  street  sold  as  high  as  $10,000. 
The  Nome  News,  the  first  newspaper,  began  publication  early  in  Octo- 
ber. By  fall  a  mayor  and  town  council  had  been  elected,  and,  though 
without  anjf  legal  standing,  made  and  enforced  city  ordinances  by 
conmion  consent.  Of  more  importance  was  the  organization  of  a  fire 
department  and  police  force.  Meanwhile  the  Federal  Government 
had  taken  cognizance  of  the  new  settlement  by  establishing  a  post- 
office  and  appointing  a  United  States  commissioner.  Wages  were  $10 
a  day,  but  at  times  rose  to  $2  an  hour.  The  abundance  of  gold  was 
reflected  in  the  thriving  business  carried  on  day  and  night  by  a  score 
of  saloons  and  gambling  rooms.    Many  a  man  spent  his  days  in  work- 

«  The  name  Anvil  City  had  been  changed  to  Nome  during  the  summer  of  1890. 
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itig  beach  sands  and  his  nights  in  losing  hh  gains  at  the  roiiklte 
table*  On  the  whole,  the  town  was  very  orderly,  for  the  first  comers 
embraced  but  few  of  the  criminal  class.  The  greatest  need  was  a 
hospitiil,  lis  the  surface  waters  of  the  tundra  (universally  used  in 
the  town)  Imd  become  infect-ed  with  typhoid  genns  and  there  was  an 
epidemic  of  that  disease.  It  is  estimated  that  there  w^ere  as  many 
as  2(H)  caj^es  at  one  time,  and  as  there  was  only  one  small  army  hos- 
pital it  was  impossible  to  give  the  patients  proper  i*an*,  and  hence 
tliert^  wa>i  a* large  mortality. 

The  I'esuhB  of  this  fxi'st  season  of  mining  w*ere  as  follows:  Up  tu 
Jiinuary  10, 1000,  about  4,500  claims  were  recorded  in  the  Cape  Nome 
district,  but  prol)ably  not  more  than  50  claims  were  developed  and 
not  more  than  100  even  prospected.  These  50  claims  probably 
yielded  over  $1,500,000  in  gold.  The  beach* mining  operations 
itescribed  above  were  more  of  a  dramatic  incident  in  the  liistoi7  ■ 
of  the  region  than  of  permanent  commercial  significance,  for  the  " 
richest  part  of  the  Nome  beach  was  worked  out  the  first  year. 
The  only  other  district  of  Seward  Peninsula  in  wliich  any  mining 
was  done  in  189^>  was  on  Ophir  Creek,  w^here  gold  variously  estimated 
at  $50,000  to  $100,000  in  value  was  taken  out*  Surface  prospects 
were  also  found  in  the  Solomon  River  region  and  ne^r  Cape  York. 
A  result  of  far  greater  iinpoitini<'t'  than  tlic  iiehial  mining  was  that 
some  knowledge  of  the  character  of  the  deposits  and  the  condition  of 
operations  had  been  gained.  Although  this  information  availed 
little  to  the  more  inexperienced  men  who  were  to  invade  the  peninsula 
during  the  following  year,  yet  it  was  of  great  practical  benefit  to 
those  w^ho  did  the  actual  mining  in  1900. 

THE  RU8H   OF    1900. 

With  the  return  of  the  steamers  in  the  fall  of  1899,  bringing  prob- 
ably 1,000  people  from  Nome,  began  the  excitement  which  was  to 
culminate  in  the  following  spring.  It  was  not  until  the  summers 
output  of  gold  of  about  $3,000,000  was  brought  from  ^"^ome  that  the 
outside  world  realized  the  importance  of  this  new  placer  field.  Dur- 
ing the  following  winter  interest  in  Nome  grew  rapidly,  and  it  was 
evident  that  a  rush  comparable  to  that  of  the  Klondike  tw^o  years 
before  would  begin  with  the  breaking  of  the  ice. 

Professional  promoters  and  stock  jobbers  were  not  backward  in 
taking  advantage  of  this  excitement,  and  there  was  the  usual  crop  of 
flamboyant  })rospectuHes.     Scores  of  companies  were  incorporated  to 


THE  BUSH    OF   1900.  25 

suitable  methods  of  mining,  and  general  commercial  conditions. 
Beach-mining  enterprises  were  the  favorite  because  of  the  supposed 
richness  of  the  placers,  and  especially  because  no  capital  was  required 
to  purchase  claims.  The  almost  incredible  record  of  the  first  year's 
beach  mining  appealed  to  the  popular  mind,  and  its  interest  was 
maintained  through  the  newspapers  and  through  transportation  and 
mining  companies'  circulars,  which  published  the  most  preposterous 
statements.  Not  a  few  so-called  mining  experts  asserted  that  the  gold 
in  the  beach  was  inexhaustible  because  the  supply  was  constantly 
renewed  by  the  waves  from  the  ocean  bottom.  It  was  easy  to  main- 
tain that  if  a  man  with  a  rocker  could  make  $20  a  day  on  the  beach 
that  a  plant  which  could  handle  twenty  times  as  much  material  would 
yield  untold  wealth.  There  was  a  flood  of  gold-saving  devices,  vary- 
ing from  a  patent  gold  pan  hung  on  a  pivot  and  turned  by  a  crank 
to  complex  aggregates  of  wheels,  pumps,  sieves,  and  belts,  which 
required  a  lOO-horsepower  engine  for  their  operation.  "  The  golden 
sands  of  Nome  "  was  the  slogan  which  inspired  thousands  to  engage 
passage  for  the  El  Dorado  months  in  advance  of  the  sailings.  Reach- 
ing Nome  was  far  easier  than  going  to  the  Klondike,  for  the  gold 
seeker  could  be  landed  at  his  destination  from  an  ocean  steamer. 
Here  there  was  no  winnowing  of  the  persevering  and  enterprising 
from  the  shiftless  and  indolent  as  at  the  Chilkoot  Pass  (the  gateway 
of  the  Ellondike).  In  consequence,  the  crowd  of  men  that  reached 
Nome  were  less  well  fitted  for  frontier  life  than  those  who  went  to 
Dawson. 

In  1900  the  ice  on  Bering  Sea  broke  early,  and  some  small  vessels 
skirting  the  shoreward  side  of  the  ice  floes  dropped  anchor  at  Nome 
the  latter  part  of  May,  but  the  large  steamers  did  not  arrive  until  the 
middle  of  June.  By  July  1  upward  of  50  vessels  had  discharged 
passengers  and  freight  on  the  beach.  It  is  estimated  that  the  first 
and  second  sailings  brought  over  20,000  people  to  the  peninsula. 
There  was  then  a  solid  row  of  tents  stretching  along  5  miles  of  the 
beach,  and  the  water  front  was  piled  high  with  freight  of  all  kinds. 
The  newcomers  found  little  to  encourage  them.  Those  that  had  win- 
tered in  the  peninsula  had  industriously  extended  their  stakes  so  that 
a  man  could  travel  for  days  and  hardly  be  out  of  sight  of  a  location 
notice.  To  add  to  the  discouragement  and  confusion,  smallpox  was 
introduced  from  one  of  the  vessels,  and  had  it  not  l)een  for  the  prompt 
action  of  Capt.  D.  H.  Jarvis,  of  the  Revenue-Cutter  kService,  it  would 
have  become  a  serious  epidemic.  The  inexperienced  men  who  landed 
at  Nome,  not  finding  the  El  Dorado  their  fancies  had  painted,  were 
loud  in  their  denunciation  of  the  region.  Many  in  the  course  of  a 
few  days'  tramping  of  the  beach  became  self-styled  experts  on  placer 
mining  and  strenuously  announced  that  the  auriferous  gravels  of  the 
peninsula  had  practically  been  exhausted. 


During  the  month  of  July  every  conceivable  kind  of  goldn 
nppliiinot^  was  instiillt^tl  on  the  «hore,  but  few  except  those  of  sim- 
plest design  paid  even  ruuuing  expcDses*  Nevertheless  there  cao  be 
no  question  that  a  strong  company  controlling  a  considerable  strip  ■ 
of  the  beach  could  by  the  use  of  steam  shovels  have  profitably  ex- 
tracted what  gold  iiad  Ixn^n  left  In  the  sands.  But  under  the  condi- 
tions of  public  ownership  of  the  beach,  if  valu^  were  found  in  any 
given  locality,  men  swftnned  in  with  rockers  and  quickly  worked  It 
out»  This  madi^  it  impossible  to  extract  the  Ix^aeh  gold  at  a  protil 
by  other  than  light  equipments  readily  movable  from  oni^  rich  HfKit 
to  another. 

I'roliably  the  miknt  ill-conceived  enterprises  weiT  those  -|>lanned  tit 
dredge  gold  uiiiler  the  sea*  Though  the  np}>iT  layer  of  these  nnmh 
is  luort^  or  less  auriferous,  tlie  iliftic^ultit^s  uf  i»xi'jivation  ure  such  as  to 
make  it  iniprolmblc  that  it  can  Ix^  pnrhtably  mined.  Tlie  sevtTt' 
storms  and  lack  of  sheher  prevent  I  he  nse  of  dredges,  except  possibly 
during  one  month  in  (he  year.  ]\fany  of  theM^  dredging  schemes 
wi^re  }»ased  on  a  theory  (held  by  some  who  weiv  etitindy  igiiorant  of 
1h^^  origin  of  the  Ix^aeli  gold  and  wliu  ivfustni  to  Ix^  inHtrucled^  that 
the  auriferous  sands  are  swejjt  in  fnim  the  sea.  The  fallacy  of  thit) 
conclusion  had  already  lieen  pointed  out  in  a  rei^ort"  which  had  a  wide 
circulation.  On  August  1)  a  severe  southwesterly  stonn  practically 
ilemolished  the.  more  elalwrate  appliances  for  gold  saving  and  ^ 
strewed  the  beach  for  miles  with  debris.  This  ended  beach  mining 
for  that  year  except  where  the  simplest  apparatus  was  in  use. 

In  1891)  the  complaint  had  been  made  at  Nome  that,  there  being  no 
civil  court,  important  enterprises  were  retarded  because  of  the  impos- 
sibility of  having  disputes  about  ownership  of  mining  property  set- 
tled by  law.  During  the  winter  this  had  been  brought  to  the  attention 
of  Congress,  and  a  statute  was  passed  forming  a  new  judicial  district 
which  included  Seward  Peninsula.  A  newly  appointed  judge  and 
other  court  officials  reached  Nome  in  the  early  summer.  It  appears 
that  from  that  time  on,  the  district  was  abundantly  provided  with 
court  decisions,  even  though  the  legality  and  justice  of  many  of  them 
could  l>e  broughtinto  (luestion.''  Among  many  charges  brought  against 
the  court  were  those  asserting  that  receivers  had  been  placed  on  valii- 
al)le  mining  property  from  which  they  extracted  gold,  in  spite  of  the 
fact  that  they  were  without  bond  and  that  the  rightful  owners  had  no 
check  on  the  amount  of  gold  being  taken  out.  Excitement  over  these 
cases  ran  high,  and  at  one  time  bloodshed  was  narrowly  averted  by 
military  intervention.    One  of  these  receivers  was  ejected  from  a  rich 
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mine  which  he  was  working  by  the  decision  of  a  higher  Federal  court. 
It  is  impossible  to  recount  here  the  legal  strife  in  which  practically 
all  the  rich  claims  were  involved,  but  it  will  suffice  to  state  that  there 
was  hardly  one  which  had  not  to  run  the  gamut  of  lawsuits. 

During  the  winter  of  1899-1900  some  mining  had  been  carried  on 
in  the  tundra  and  also  some  through  the  ice  on  the  beach.  The  phe- 
nominally  rich  beach  at  the  mouth  of  Daniels  Creek,  50  miles  east  of 
Nome,  had  been  discovered  and  its  yield  of  $600,000  had  practically 
been  taken  out  before  the  newcomers  had  landed.  A  very  significant 
discovery  of  1900  was  that  of  the  rich  placers  on  a  high  bench  be- 
tween Anvil  and  Dexter  Creeks.  It  had  been  pointed  out  by  the  Geo- 
logical Survey  "  the  previous  year  that  these  high  gravels  were  likely 
to  be  gold  bearing,  and  such  proved  to  be  the  case.  The  presence  of 
an  older  drainage  system,  of  which  these  high  gravels  bear  witnass, 
has  an  important  bearing  on  the  future  of  placer  mining  in  this  field. 

During  this  season  Anvil,  Dexter,  and  Glacier  creeks  were  very 
large  producers.  Their  exploitation  was  hastened  by  a  narrow- 
gage  railway  constructed  by  Charles  D.  Lane  from  Nome  to  Anvil. 
On  Ophir  Creek  the  installation  of  larger  plants  had  been  begun,  but 
the  output  was  about  the  same  as  in  the  previous  season.  Consider- 
able gold  was  taken  out  from  the  lower  course  of  Daniels  Creek,  but 
all  this  mining  was  very  crude. 

Though  but  a  small  percentage  of  the  newcomers  left  the  Nome 
beach,  there  was  in  the  aggregate  considerably  more  prospecting  than 
in  the  previous  year.  Productive  placers  were  developed  on  Casa- 
depaga  River,  as  well  as  on  a  number  of  smaller  tributaries  of  the 
Niukluk.  The  same  holds  true  of  the  Solomon  and  Cripple  river 
valleys.  The  discovery  of  gold  in  1900  in  the  Bluestone  and  Kou- 
garok  valleys  showed  that  the  auriferous  area  was  much  larger  than 
had  been  previously  supposed. 

An  excellent  example  of  the  ineffective  character  of  the  search  for 
gold  is  to  be  found  in  the  discovery  of  gold  in  the  Kougarok  placers. 
In  March,  1900,  there  was  a  wild  rush  to  the  Kougarok  River  region, 
which  was  duplicated  in  August,  but  in  neither  were  placer  values 
found.  While  the  last  straggler  was  returning  to  Nome  after  the 
second  fruitless  chase,  a  few  more  experienced  men  opened  up  some 
good  placer  ground.  The  York  gold  placers,  discovered  the  previous 
year,  proved  of  small  extent,  but  the  discovery  of  stream  tin  in  this 
district  by  the  Geological  Survey  ^  gave  new  hopes  to  the  prospectors. 

During  the  height  of  the  excitement  there  was  a  good  deal  of  law- 
lessness at  Nome  and  life  and  property  were  none  too  secure..  For  a 
time  it  appeared  as  if  the  authorities  would  not  be  able  to  cope  with 

•  Preliminary  report  on  the  Cape  Nome  gold  region,  1900,  p.  20. 

*  Brooks,  ▲.  H.,  Reconnaissances  In  the  Cape  Nome  and  Norton  Bay  regions,  Alaska, 
in  1900,  a  qiectol  publication  of  the  U.  S.  Geol.  Surrey,  1901.  p.  136. 
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the  great  miiltitiKle  which  was  erowded  together  at  Nome,  especially 
a^  it  included  a  large  number  of  professional  criuiinals.  Conditicms 
grndiially  improved  at^  the  LTowd  thinned  out  toward  fall,  when  Uie 
last  steamer  was  packed  with  disappointed  men.  Not  a  few  of  Uu  ■ 
indigents  were  shipp<>d  out  either  through  puhlic  or  private  charitv. 
On  the  whole.,  considering  the  inexperience  of  the  mass  of  the  fM?ople 
who  came  to  Nome  in  IftOO,  pro^ivsB  ivas  bt^tli^r  than  could  Ik?;  antid* 
pated,  Tlie  following  tnble,  taken  from  ii  previous  n^port,**  givtw  at 
eHtiruate  of  the  gold  protiuction  of  the  indivichial  creeki^  in  1900: 

EHimnied  output  ttf  ptm^er  t/nld  ftt^m  t^iururd  Pt'nmmtht,  J90(L 


AnvU   Creek  ,^,*  ^,   .. 

GUiHor  Preek,  inf^lunUig  Know  llitli'li 

I >extf*r  ('n»ek 

lO^trn  Dry  Creek 

Br^'  rreek^_. 

Newton   Oiilfli .  

Boil  rt«>ii  C  reek . .  .  ^.«_ .  .* 

Stitiirda.Y   CnH'k       _.^^^^^. ..^ .. 

High  bt'iieh  plarern  nmr  Noita- ^, ^^. 

Nome  Ijeat^li^-^-- -_,.*^ *^ ^  _*., 

Oregon,  Ilinigry,  aiKl  Mntmtain  oreeks.. 

Solonuiu   River,.-. ., -^^_.,. 

Topkijk  tieiicli ^ .^. 

Daniels  Creek 

O p ti I r  and  Sweet c« ke  ereeks _ -^ ^- 

C rook eti  Creek    ..   _..,,,. 

101  k horn    Creek . ... .^--^, , 

(liiU^botkmi    Cr(H^k.._^-       *.      .  *_   . 

CiiNsidejiaira  Hlver    ^ 

KouLMrok  lUsitrit'l-  .  .^     . 

Bhiestune  River.  _  _^^^_    

Turk   RiviM^ 

^f tsfpllniiecjus   and    iiinifM'rmiinMl,    <-iIniii( 
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irui.  not* 
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25p  (XIO 
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10,000 
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S50.000 
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200,00(J 

100,000 

25,000 

:?o,  nno 

1(1.  (HlO 
15J100 
5f  K  000 

in.  01  HI 

1,500 
200.000 


4,  72(5,  r)(H) 
Later  information  led  to  tlie  raisino:  of  tliis  estimate  to  $4,750,000. 


IMIOCniF.SS  IX   lOOl. 

Tlie  fact  that  thousands  returned  from  Nome  in  the  fall  of  1900 
discouraged  and  diso^usted  with  this  mining  field  orave  assurance  that 
the  rush  of  1900  would  not  he  again  re]:)eated,  and  this  was  a  decided 
advantage  to  the  district.  Unfortunately,  however,  the  judiciary 
was  generally  regarded  as  corrupt  and  this  no  doubt  deterred  capi- 
talists who  would  gladly  have  taken  a  part  in  establishing  large  min- 
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laws.  Besides  these  conditions,  mining  was  also  retarded  because  a 
late  spring  and  dry  weather  interfered  with  placer  operations.  The 
arrifal  of  a  new  judge  in  September  restored  confidence,  but  it  was 
then  too  late  to  undertake  any  large  enterprises. 

During  the  previous  wunter  some  of  the  high-bench  and  tundra 
placers  had  been  exploited  successfully  by  drifting.  Though  their 
output  was  not  large,  yet  their  operation  was  important  in  proving 
the  feasibility  of  winter  mining.  The  completion  of  a  railway  from 
the  head  of  navigation  on  the  Niukluk  to  Ophir  Creek  during  the 
summer  of  1901  did  much  to  promote  commercial  interests  in  that 
district.  At  Daniels  Creek  work  was  suspended  during  this  season 
because  of  the  lack  of  water.  Considerable  prospecting  was  also  car- 
ried on  in  the  Solomon  River  region,  but  there  was  little  actual  min- 
ing. In  the  Bluestone  and  Kougarok  districts  primitive  methods  of 
extraction  still  held  sway  and  the  yield  of  gold  was  small. 

Probably  the  most  noteworthy  event  of  this  season  was  tho  dis- 
covery of  gold  placet's  in  the  northeastern  part  of  Seward  Peninsula. 
Prosp>ecting  had  in  1900  established  the  fact  that  the  gravels  of  the 
several  rivers  tributaiy  to  Kotzebue  Sound  were  auriferous,  but  it 
was  not  until  1901**  that  any  actual  mining  was  done.  This  proved 
that  the  gold-bearing  area  of  Seward  Peninsula  was  much  larger 
than  had  been  previously  supposed.  The  construction  of  the  Mioceiu^ 
ditch  was  also  of  great  importance,  as  this  was  the  first  long  water 
conduit  in  the  whole  field.  Some  experienced  placer  miners,  after 
attaining  great  familiarity  with  the  local  conditions,  came  to  recog- 
nize that  the  primitive  "pick  and  shovel''  methods  tlien  almost  uni- 
versally employed  were  applicable  only  to  very  rich  placers.  An 
improvement  of  methods  demanded  a  larger  water  supply.  Though 
there  are  here  no  great  water  resources  like  those  of  the  Sierra 
Nevada,  which  made  California  placer  mining  the  cheapest  in  the 
world,  yet  some  water  is  to  be  had  in  the  Kigluaik  Mountains  and 
in  other  highlands  of  the  peninsula.  The  credit  for  both  the  concep- 
tion and  construction  of  this  first  ditch  belongs  to  W.  L.  Leland  and 
J.  M.  Davidson,  who  were  among  the  earliest  to  obtain  a  broad  grasp 
of  the  mining  problem. 

The  construction  of  pumping  plants,  begun  in  1901,  was  another, 
but  less  successful,  attempt  at  reducing  the  cost  of  mining.  By  means 
of  two  extensive  steam  pumping  plants  water  was  delivered  at  high 
levels  in  the  Anvil  Creek  region,  and  this  made  it  possible  to  work 
some  rich  placers  which  formerly  could  only  be  sluiced  for  a  few 
weeks  in  the  early  spring  by  impounded  snow  water.  As  the  use 
of  water  pumped  by  steam  power  is  economically  possible  only  in  a 

•CoUlcr,  A.  J.,  Reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula, 
Alaska :  Prof.  Paper  IJ.  S.  Geol.  Survey  No.  2,  1902,  p.  48.  Moffit.  F.  H.,  The  Fairhaven 
gold  placers,  Seward  Peninsula,  Alaska :  Bull.  U.  S.  Geol.  Survey  No.  247,  1904,  p.  49. 
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region  of  verj^  cheap  fiiel,  it  would  appear  t*j  find  no  perinaneiit  plai^ 
in  placer  mining  in  Alaska*  m 

This  season  witnessed  considerable  activity  in  ditch  con  struct  ionr^ 
oil  Ophir  Cre^k,  where  large  plants  were  \yemg  installed.     Improve* 
nients  in  methods  were  ala>  introduced  in  nearly  all  the  smaller  dis- 
tricts.    A  dredge  way  operated  for  ii  part  of  the  season  on  Solomon 
River.  fl 

The  dist^overy  of  rich  placers  on  Candle  Creek"  in  July,  1901*  led 
to  the  usual  rush  from  the  near-by  creeks,  and  hence  had  a  retarding 
nifluence  on  mining  in  the  northeasteni  part  of  the  peninsula.  This 
wa?i  particularly  true  of  the  Kougarok,  whose  production  was  far 
less  than  wat^  anticipated.  In  the  Bluestone  region,  where  a  few 
rich  chiims  had  Ijeen  almost  worked  out  in  1900,  little  was  aceooi<»^| 
pliislied  toward  exploiting  lower-gT*ade  deposits  in  a  more  systematic 
way.  Lack  of  water  prevented  any  ainsiderable  amount  of  mining 
on  Daniels  Creek,  The  fact  was  that  during  the  excitement  in  liHJOjJ 
many  inexperienccfl  men  were  working  placers  at  an  actual  loss*  By 
11  KM  iTusinessi  equilibrium  had  been  in  a  measure  restored  and  mich^ 
opL^rations  ceased. 

In  H>01  there  was  a  decrease  in  tlie  gold  output  of  Nome.  Tin 
reaM)n  for  this  is  nf>t  far  to  seek.  In  1900  the  Nome  beach  placer 
yielded  $,^50,000,  and  in  lUOl  not  over  $50,000,  while  the  gold  from  thi 
Topkok  Ivach,  which  in  11>00  amounted  to  1^600,000,  in  1<>01  w*!is  pnir-' 
tically  nothing.  This  reduction  of  nearly  a  million  dollars  in  the 
yield  of  the  beaches  could  hardly  be  expected  to  be  made  up  by  the 
creek  phu^ers,  where  there  had  yet  been  no  considerable  progress  in 
methods  of  extraction.  As  the  actual  decrease  in  the  total  production 
was  only  $600,000,  the  output  of  the  creek  placers  gained  nearly 
$:^0(),()00  over  that  of  the  previous  year. 

In  the  subjoined  table  the  gold  output  of  the  entire  peninsula  has 
been  distributed  among  the  various  districts  in  accordance  with  the 
best  data  available.  As  there  are  no  authentic  statistics,  the  figures 
presented  are  only  approximate. 


(iftid  production   of  Snrard  r*'ninsulfi,  lUitl. 

Winter  drift  ininlnj;  (UMHi-liMM)  _     .$300,000 

Nome  district,  creek  placers^  :i,  000,  000 

Nome  district,  beach  placers  20,000 

Council  district        ^  (JOO,  000 

Kougarok  district                40, 000 

Faiiiiaveii  district   (C^mdle  C^reek.  .1^20,000)  _         50,000 

Bluestone,  Solomon,  Cripple,  and  other  districts  _               120.000 
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GBOWTH  OF  MINING  FROM  1902  TO  1904. 

In  the  winter  of  1901-2  drift  mining  was  much  increased,  especially 
in  the  high  benches  near  Anvil  Creek,  in  the  tundra,  and  in  the  Sol- 
omon River  region,  and  also  to  a  more  limited  extent  in  many  of  the 
smaller  camps.  These  operations  promoted  prosperity  by  assuring 
employment  to  a  certain  number  of  men  throughout  the  year,  and  to 
that  extent  cutting  down  the  migratory  population. 

Before  navigation  opened  in  1902  confidence  had  been  restored  by 
the  just  administration  of  the  laws,  and  considerable  capital  was 
brought  for  investment  in  mining  property  and  plants.  This  season 
was  characterized  by  great  activity  in  ditch  construction.  The  Miocene 
dit^h  was  extended,  and  before  the  end  of  the  season  about  34  miles 
of  it  were  in  use.  A  number  of  other  ditch-building  projects  were 
inaugurated.  Among  the  most  important  of  these  was  a  ditch  to 
supply  water  for  exploiting  the  rich  placers  of  Daniels  Creek,  which 
had  been  practically  untouched.  As  a  result  of  this  extensive  conduit 
construction  many  new  legal  controversies  arose  regarding  water 
rights,  for  it  came  to  be  recognized  that  the  water  in  many  localities 
was  as  valuable  an  asset  as  the  gold-bearing  gravel. 

Though  the  gold  in  the  bed  of  Anvil  Creek  was  practically  ex- 
hausted by  1902,  the  discovery  of  a  parallel  channel  led  to  a  continu- 
ation of  mining  in  the  valley.  Several  ditches  and  two  pumping 
plants  now  furnished  water  for  exploiting  the  auriferous  gravels  of 
the  Anvil,  Glacier,  and  Dexter  creek  basins.  Outside  of  this  district 
Ophir  Creek  was  the  only  large  producer.  Mining  operations  on 
this  stream  had  progressed  steadily,  but  it  was  not  until  1902  that  it 
came  to  be  recognized  as  one  of  the  richest  creeks  in  the  whole  penin- 
sula.    It  is  estimated  that  in  1902  its  production  reached  $1,000,000." 

No  considerable  advance  was  made  in  the  Kougarok  and  Bluestone 
regions,  both  of  which  produced  only  a  small  amount  of  gold.  In 
the  Fairhaven  district  the  Candle  Creek  placers  were  the  only  consid- 
erable producers.  Placers  were  found  on  Iron  Creek  and  on  a  number 
of  other  smaller  tributaries  of  Kruzgamepa  River,  but  they  were  too 
inaccessible  to  permit  the  exploitation  of  any  but  the  richest  deposits. 

In  spite  of  the  improvements  which  had  been  made  in  mining  meth- 
ods, the  increase  in  gold  production  for  this  season  was  only  about 
$400,000,  and  most  of  this  came  from  Ophir  Creek.  The  production 
of  Anvil  Creek  had  become  less,  and  in  none  of  the  other  districts  had 
any  improved  methods  been  introduced.  With  the  increase  in  the 
number  of  gold-producing  creeks,  the  distribution  of  the  output 
among  the  different  districts  becomes  increasingly  difficult  and  multi- 

•  Brooks,  A.  H.,  Placer-gold  mining  In  Alaska  In  1002:  Bull.  V.  S.  (ieol.  Survey  No. 
Si3,  IW3,  p.  40, 
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plies  the  chance  for  error.     The  following  figures  can  thei-efore 
con^sidered  only  an  approximation ; 


Goid  production  of  Reward  Pmiimular  1S02. 

Wluter  drift  iniulng.  190l-2_„ _-_^._^_^. 

Nome  d  ist  I'ift ^_  ^  ^ ,^ .  ^  ^-^ ^^ 

CouiioU  district.  ___-.^ ,^. ,^„_, 

Kougarok  diatrlet . _^^_^^ .,,,__„__^,^,, 

Falrha v(?ti  d Intr Ict^ ^^^ .  ^^.^ ,^«^, .^, .^ w_, . 

An    other   dli^trlcta .-, ^ ^^ ,, 


._     ^50. 000 
..  2,800*000 

„  l,000,OtK> 

150.  tKKJ 
.^       210.  OOfJ 

4,560,0(H» 

In  the  winter  of  1902-3  there  Tvas  a  decided  increase  in  the  number' 
uf  claims  worked  by  drifting.    It  is  estimated  that  moi'e  than  $500,000 
wag  taken  out  of  the  winter  accunnilation  of  gi^aveL    The  amount  oIm 
ocean  freight  bore  witiie^  to  tlie  con^mercial  prosperity  in  Seward w 
Peninsula.     Twenty -seven  steam  and  j^even  sailing  vessels  landed 
a)K)nt  75,000  tons  of  cargo  on  t]ie  peninsula,  mo^t  of  it  consigned  to 
Nome*     The  Council  City  and  Solomon  River  Railroad  was  among.^ 
the  important  enterprises  inaugurated  in  the  summer  of  1903,  and  be-fl 
fore  the  done  of  the  season  about  1^  miles  of  standard -gage  track  had 
IxH'n  laid.    The  Nome  Arctic  Railway  (now  called  the  Seward  Penin- 
sula Railwa};),  running  to  An^nl  Creek,  was  extended  to  the  head  of 
Dexter  Creek.     A    fi*w   I'oads  wpw  built  con  nee  ting  with   these  mil- 
ways,  but  most  of  them  are  little  more  than  wagon  tracks.     During 
dry  weather,  however,  it  is  possible  to  drive  over  the  tundra,  which  in 
a  wet  season  becomes  almost  impassable." 

As  in  the  previous  year,  ditch  construction  was  actively  pushed 
during  the  summer  of  1903.  The  Miocene  ditch  was  extended  to 
the  head  of  Nome  River  and  a  branch  was  carried  to  Snake  River. 
In  the  Cripple,  Solomon,  and  Ophir  regions  extensive  ditches  were 
laid  out  and  in  part  completed,  and  a  number  of  shorter  conduits  were 
constructed  in  other  districts. 

It  appears  that  the  matter  of  ditch  building  is  overdone  in  Seward 
Peninsula.  The  striking  success  of  several  long  ditches  has  led  less 
conservative  and  less  experienced  operators  to  lose  sight  of  the  fact 
Ihat  certain  classes  of  placers  can  be  mined  at  lower  cost  by  other 
methods.  When  thousands  of  dollars  are  invested  in  water  con- 
duits to  exploit  shallow  placers,  as  has  been  the  case  in  many  locali- 
ties which  might  have  been  much  more  cheaply  mined,  it  is  time  to 
(Jill  a  halt  to  the  injudicious  construction  of  ditches.  No  one  w^ho 
lias  watched  the  maturing  of  the  mining  industry  in  this  field  wull 
deny   the   important  part  which  the  ditches  have  played   and   will 
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play,  but  it  is  equally  patent  that  there  have  been  many  misappli- 
cations of  this  method  of  exploitation.  This  is  because  the  less 
exj)erienced  operators  have  come  to  regard  the  ditch  as  a  panacea 
for  all  diflSculties  in  placer  mining. 

In  1903  hydraulic  lifts  were  installed  on  Glacier,  Anvil,  and 
Ophir  creeks.  One  steam  shovel  and  one  dredgor  were  operated  for 
a  short  time  on  Niukluk  River,  and  two  dredges  were  used  in  the 
l)ed  of  Solomon  River  for  most  of  the  season.  On  many  other 
creeks  steam  hoists,  scrapers,  and  other  mechanical  appliances  for 
cheap  mining  were  installed.  Extensive  prospecting  with  churn 
drills  was  carried  on  in  the  tundra  belt  lying  between  Nome  and 
the  mountains.  (PI.  II,  5,  p.  178.)  As  expected,  the  returns  indi- 
cated extensive  dcjposits  of  auriferous  gravels."  Considerable  work 
was  done  on  an  old  line  of  beach  deposits  near  Nome,  whose  dis- 
covery had  been  anticipated  by  the  geologic  investigations.^  In 
the  Topkok  region  12  miles  of  ditch  were  completed,  and  before 
the  close  of  the  season  some  hydraulic  mining  was  done.  Prospect- 
ing in  the  Kougarok  region  showed  much  more  extensive  placers 
than  had  been  previously  supposed,  but  little  actual  mining  was 
done.  Nearly  all  the  developments  except  in  the  older  districts 
were  in  the  nature  of  dead  work. 

The  quartz  mine,  in  operation  since  1903  in  the  Solomon  River 
region,  is  a  significant  feature  of  the  gold-mining  industry.  Aurif- 
erous quartz  veins  are  not  uncommon  in  the  peninsula,  but  in  only 
this  one  instance  has  a  lode  mine  actually  been  developed.  It  should 
be  said,  however,  that  prospectors  have  thus  far  paid  small  heed 
to  lodes  except  in  the  way  of  location  notices.  In  hardly  half  a 
dozen  localities  has  any  attempt  been  made  to  search  systematically 
and  intelligently  for  auriferous  veins.  Another  important  feature 
of  the  season's  work  was  the  finding  of  lode  tin  in  the  York  region '' 
by  Mr.  Collier  and  Mr.  Hess,  under  the  guidance  of  Charles  Randt, 
I^ieslie  Crim,  and  W.  J.  O'Brien,  who  had  found  float  ore  from  the 
ledge.  In  this  field  the  tin-bt*aring  gravel  had  received  considerable 
attention  since  1900,  and  some  lode-tin  deposits  had  been  reported 
by  prospectors,  but  these  reports  were  not  verified  until  1903: 

The  net  results  of  all  these  operations  (though  i)ossibly  disappoint- 
ing to  those  who  had  not  a  personal  familiarity  with  the  conditions) 
were  as  good  as  could  be  exi^ected.  The  production  was  practically 
the  same  as  in  the  previous  year,  though  the  estimates  presented  show 

•Brooks,  A.  H.,  Placer  mining  In  Alaska  in  1903:  Bull.  IT.  S.  Geol.  Survey  No.  225, 
1904.  pp.  48-55. 

*  Preliminary  report  on  the  Cape  Nome  gold  region,  V.  S.  Oeol.  Survey,  1000,  p.  23 ;  A 
reconnaissance  of  the  Cape  Nome  and  adjacent  gold  fields,  U.  S.  Geol.  Survey,  1901,  pp. 
150-151. 

'  Collier,  A.  J.,  Tin  deposits  of  the  York  region,  Alaska  :  Bull.  V.  S.  Geol.  Survey  No. 
229,   1904. 
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a  falling  off  uf  $UXUXH>,  an  ii mount  whirh  i.s  [iroljuhly  Irss  than  the 
errors  in  the  figures.  In  view  of  the  great  ainuunt  of  dead  work 
aeconiplished  and  tht^  fact  that  some  of  the  riehe^st  shallow  plawrs 
luiil  been  L*xhriugted,  whik^  the  newer  distriets  had  not  rearhed  a 
productive  stage,  no  increase  in  the  total  production  wan  to  be  *^i- 
(XH'ti^d*  Though  tliere*  are  no  acenrate  statisties  available^  it  fiepjus 
probalile  that  tliere  was  it  consiilend^le  falling  otT  in  the  Nome  dis- 
trict proper,  and  that  the  output  of  practically  all  the  other  districts 
was  higher  than  in  pi-eviuus  years.  It  is  un  thi:^  batais  that  the  follow- 
ing distribution  of  the  totals  has  Jjeeri  made: 

OoJd  fnftfiitctktn  of  Srwar^  prnin^ttla,  J 90^, 

Wluter  drift  mlnli^i^'.  ttKJCi-3.   .     .   .  $500.  iifrj 

JVome  dl»tHet _^.,_._  ,  2.4tMjjHM> 

Counell    district... .         .  LofW.OOO 

Kougatnk   cll^rlH.  Tr»JNXt 

Fak'haveti  distiiol  ^ihjjxh* 

All  other  dislrlctis                                              2i)0j:«H) 


-i  465,  (MK1 


Drift  mining'*  during  the  winter  of  lOOli^l  was  more  extenpi^'fl 
than  evt^r  hefi>n%  a  ml  the  yield  prohalily  wius  nearly  $l,UO(),tKJ0. 
Of  ihiH  amount  about  half  wm^  taken  from  the  higii  bench  de|K>sib5 
near  Nome.  Some  lt)iv-lyiTig  gravels  netir  the  ban?  of  tht*  hills  were 
also  exploited,  as  Avere  the  ancient  beach  placers  in  the  tundra.  In 
the  Solomon  Kiver  region  probably  $200,000  was  taken  out  during 
the  winter,  and  Ophir  Creek  yielded  about  $100,000.  Several  of  the 
other  districts  yielded  smaller  amounts  as  the  result  of  the  winter's 
work. 

The  sunnner  season  opened  very  inauspiciously.  Uj)  to  July  10 
more  than  half  tlie  mines  were  idle  because  of  lack  of  Avater  due  to 
dry  weather.  Fortunately  heavy  rains  came  early  in  July,  and  min- 
ing began.  The  summer's  sluicing  was,  however,  practically  con- 
fined to  two  months,  and  even  during  this  sliort  period  there  was  a 
considerable  shortage  of  water  in  many  districts.  Ditch  l)uilding 
continued,  notably  in  the  X(mie,  Crip})le,  Flambeau,  and  Solomon 
river  valleys.  Much  of  the  work  in  these  localities  was  directed 
toward  the  installation  of  plants  and  conduit  construction,  and  the 
summer's  output  of  gold  was  comparatively  small.  On  Anvil  Creek 
a  steam  shovel  was  successfully  operated.  On  Glacier  and  adjacent 
creeks  hydraulic  elevators  continued  to  be  used.  A  sensational  dis- 
covery of  rich  placers  on  I^ittle  Creek  near  the  base  of  the  highland 
back  of  Nome  was  significant  because  it  proved  that  the  limit  of  dis- 
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•ovi'ries  had  not  yet  been  reached,  even  in  the  best-known  parts  of 
he  peninsula. 

The  Council  City  and  Solomon  River  Railway  extended  its  road 
ibout  10  miles.  The  Tupkok  Ditch  Company  operated  its  hydraulic 
)lant  on  Daniels  Creek  throughout  the  season.  This  well-managed 
'nterprise  is  among  the  most  successful  operations  of  this  class  and 
las  clearly  demonstrated  that  with  a  sufficient  water  supply  and 
»nough  grade  for  the  disposal  of  tailings  it  is  possible  to  hydraulic 
»ven  frozen  gravels.  Ophir  Creek  continued  to  be  the  heaviest  pro- 
lucer.  One  ditch  was  completed  in  the  Kougarok  region,  and  sev- 
eral more  were  planned  or  in  construction. 

Little  w^as  done  in  the  northeastern  part  of  the  pciiiinsula  except 
-onie  rather  primitive  mining.  Though  the  presence  of  workable 
placet's  in  this  region  has  been  demonstrated,  yet  with  the  present 
lifficulties  and  expense  of  transportation  capital  has  been  chary  of 
entering  the  field.  There  are,  however,  some  enterprises  on  foot  for 
ditch  building  in  this  district. 

The  general  and  healthy  growth  in  the  commercial  interests  con- 
liiiued.  There  were  fewer  legal  complications  and  less  promotion  of 
'  wild-cat "  mining  schemes.  This  comnmnity  has,  however,  still  to 
learn  the  necessity  of  intrusting  large  enterprises  to  the  hands  of 
well-trained  men  rather  than  to  promoters.  Probably  two-thirds  of 
the  incorporated  companies  have  made  failures  or  achieved  only 
partial  success  because  of  poor  management.  As  has  been  stated, 
much  of  the  activity  was  directed  toward  dead  work,  and  the  output 
3f  the  placer  mines  was  probably  no  greater  than  in  the  season  before. 
Phis  is  what  might  have  been  expected,  and  it  will  be  several  years 
before  any  very  great  increase  in  the  gold  output  is  likely. 

In  distributing  the  totals  shown  in  the  following  table  it  has  been 
considered  that  there  has  probably  been  a  considerable  decrease  in 
the  production  of  the  Nome  district  proper  outside  of  the  high-bench 
placers.  This  progressive  decrease  will  probably  continue  until  some 
^j'stematic  exploitation  of  the  high-bench  and  tundra  gravels  has  been 
introduced,  when  Nome  should  again  lead  all  the  other  camps  of  the 
[>en  insula. 

Ch}ld  productioti  of  Scicard  J*cninf<ula,  lUOJ/. 

Winter  drift  mining,  1903-4 .$rMX),  (HK) 

Nome  district  2,0(K),0U0 

Council  district  , 1,0(K),000 

Kougarok  district 75,000 

Fairhaven  district 125,000 

All  other  districts ..-  400,000 

4,  500, 000 
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DLU'ing  the  winter*'  of  10O4-5  nnich  mining  was  done  near  Nome 
along  the  so-called  '^  second  beach  line,'"  whieh  was  traeed  from  Hail 
irigs  U)  Bourlwii  Creek,  stretehiiig  |>arulle!  to  the  present  coa.st>  A\Tiat 
up^Hnirs  tu  be  an  extension  of  the  same  depoi^it  was  discovered  alJe^ 
Creek,  10  miles  west  of  Nome.  These  elevated  l>eaeh  plaeers  are  mm- 
[laratively  Hhallow,  and*  thongli  nf»t  as  rieh  as  some  de^^mbed  lu  mic- 
ceeding  paragraphs,  yielded  handsome  profits. 

In  tlje  fall  vf  VMU  eonsick^ndJe  exeiturnent  had  iM^eii  eaused  hy  {\w 
discovery  of  some  rich  placers  in  the  tundra  gravcl^^  near  Little  CrwL 
A  group  of  elrtims  in  tins  loeality  proved  to  eiii-ry  enormous  vahm 
yiehliug,  it  is  said,  more  than  l^l,50i),0()0  in  gohl  chiring  the  Hr^l 
tvvehe  moiitlis  that  tlicy  were  operated.  Although  these  proved  {a 
Yh}  only  tlie  forerunners  n{  still  more  importjint  discoveries,  they  wm* 
of  tfic  utmost  importJinee,  first,  liecanse  they  showed  that  the  liuiit.^ 
of  new  disei^veries  in  the  lx>st-kiiown  parts  of  Seward  Peninsola  liaii 
not  been  reached,  and  second,  because  they  st  inn  da  ted  tlie  prospei'tiiii; 
of  the  tiuulra  gravels.  In  addition  to  the  mining  operations  on  ih 
Nome  tundra  and  in  the  high  gravels  of  the  vicinity,  winter  mining 
wfts  also  carried  on  in  other  localities,  notably  at  Candle  Crwk. 
Operations  requiring  fuel  at  the  latter  locality,  as  well  as  at  other 
points  in  the  Fair  haven  district,  utilized  to  a  considerable  extent  th^ 
ligidte  coal  mined  at  Chicago  Creek. 

It  is  estimatetl  ihat  the  gold  production  of  the  winter  of  1904-5 
exeeedud  :?tKO0f  1,0(10  in  value,  but  tliese  (igures  can  be  regarded  only 
as  an  ap])roximation. 

The  open  M'ason  of  1005  was  much  shortened  by  a  lute  spring  and 
tui  early  fjilU  the  fi"eeze-u}>  etuning  about  Septeml)er  IH,  The  niofit 
important  event  of  the  summer  w^as  the  installation  of  a  large  dredge 
on  Solomon  River.  Its  successful  operation  furnished  the  final  proof 
that  dredges  Avere  to  play  an  important  part  in  the  mining  industiT 
of  Seward  Peninsula.  Other  dredges  had  l)een  tried  Avith  more  or 
less  success,  but  this  Avas  the  first  to  be  operated  in  a  large  way. 

A  notable  advance  Avas  made  in  ditch  construction  during  1905, 
when  thirteen  ditches  were  either  completed  or  buikUng.  Among  the 
most  impoi'tant  was  the  Seward  ditch  (37  mih's  long),  Avhich  carries 
Avater  from  the  head  of  Nome  RiA-er  to  the  Nome  tundra  claims. 
About  8  miles  of  the  Pioneer  ditch  Avas  completed,  to  carry  Avater 
from  Nome  River  to  the  south  slope  of  Anvil  Mountain.  The  Cedric 
ditch  (24  miles  louii:),  which  proved  to  be  a  less  Avell-planned  enter- 
|)rise,  Avas  built  to  carry  Avater  to  Arctic  Creek,  Avest  of  Nome. 
Smaller   ditches   Avere   also   constructed    in   the   Osborn,    Flambeau, 
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On  the  whole,  a  very  large  amount  of  dead  work  was  accomplished 
luring  the  summer,  and  this,  together  with  the  fact  that  it  was  an 
dverse  climatic  season,  made  the  production  of  $4,800,000  of  gold 
ery  considerable.  This  amount  is  approximately  distributed  as 
bllows : 

Oold  production  of  Seicard  Peninsula,  J905. 

Nome  district $3,400,000 

Council  district 500, 000 

Kougarok  district 400,  000 

Fairhaven  district 300, 000 

AU  otlier  districts 200,000 

4,800,000> 

The  discovery  of  rich  gravels  at  Little  Creek  led  to  great  activity 
n  prospecting  the  tundra,  and  as  a  result  the  so-called  third-beach 
ine  was  discovered  during  the  winter  of  1905-6.  This  discovery  bore 
►ut  the  prediction  made  by  the  Geological  Survey  as  early  as  1899, 
.nd  established  the  value  of  its  investigations. 

These  third-beach  placers  yielded  so  much  gi^eater  profit  than  the 
reek  placers,  partly  due  to  cheapness  of  operation  and  partly  to 
ligher  values,*  that  for  the  time  being  mining  activity  was  centered 
>n  their  development.  During  the  winter  so  much  prospecting  was 
lone  with  steam  thawers  and  hoists,  requiring  a  large  amount  of 
iiel,  that  Nome  was  threatened  with  a  coal  famine.  This  was 
ivoided  only  by  drawing  on  the  Government  stores  of  coal  at  Fort 
^avis.  The  spring  clean-up  of  the  gravels  mined  during  the  winter 
delded  probably  $2,500,000  in  gold.  Considerable  winter  work  was 
lone  in  other  parts  of  the  peninsula,  but  the  total  output  from  these 
onrces  probably  did  not  exceed  a  few  hundred  thousand  dollars  in 
^alue. 

The  opening  of  navigation  saw  no  abatement  in  tundra  mining,  for 
vork  was  continued  on  the  third  l)each  line.  It  was  fortunate  that 
his  was  so,  for  the  extraordinarily  dry  sununer  of  1900  worked  havoc 
vith  nearly  all  creek  mining.  The  operations  supplied  by  water  from 
^ome  River  were  continued  for  the  most  part,  but  the  miners  on  the 
imaller  streams  were  forced  to  close  down  throughout  much  of  the 
ummer. 

•  Dredging  operations  continued  as  in  the  previous  year,  notably  at 
Solomon.  In  the  aggregate  there  was  considerable  ditch  building, 
specially  in  the  Kougarok  and  P^airhaven  districts.  In  spite  of  the 
hortage  of  water,  there  was  considerable  mining  in  the  Topkok, 
>phir,  and  Iron  creek  regions. 

A  new  management  took  over  the  narrow-gage  railway  running  to 
)exter  and  extended  it  over  the  pass  at  the  head  of  Nome  River  to 
Salmon  L^ke  and  thence  to  Lanes  Landing,  on  the  Kuzitrin.  This 
ine,  called  the  Seward  Peninsula  Railway,  now  running  into  the 


hf?*Brt  of  the  p<?ninHiila,  will  acrt^lprato  the  dovelopm(*nt  of  some  of  th 
inland  districts.  The  Council  City  i\nd  Solomon  River  Railway  was 
i^xtendtnl  into  the  Casad^^paga  basin,  and  promoted  mining  actirititi^ 
in  this  fiekL  Some  wngon  roads  were  built  under  the  direction  of 
the  Ahiska  ro;id  commij5sion. 

During  the  snnimer  of  lOOf*  Nome  was  exceedingly  prosp^rou^ 
Many  substantial  buildings  were  erect i*d  and  the  whole  tcnvu  Ix^gan  la  i 
ii>>sunu»  an  a|)piHirancy  of  gre.ater  permanency  than  it  had  previoujily 
sliowTh     Business  wiis  facilitated  by  the  hnprovement  in  t^it-ainkiat 
connection  Kith  Puget  Sound.  ■ 

The  t^stimuted  value  of  tlie  gold  production  (jf  the  |>eninsuln  h\  IfiH^R 
is  $T/>00,OOQ,  of  wliich  probably  nearly  half  was  taken  from  tlie  <M 
beach  line.  Practically  all  the  other  districts  sliowed  a  falling  off  in 
yield,  due  lK>th  to  the  insufficient  water  siijjply  and  to  the  fact  thiit 
the  energies  of  many  men  had  lx*en  diverted  from  creek  to  tundni 
mining.  It  is  impossible  at  the  present  time  to  distribute  this  total  ■ 
among  the  different  dir^tricts,  ^ 

Ij<ale  mining  in  IDOr*  and  lOOG  was  still  confined  to  the  one  pniperty 
on  Big  Hurrah  Creek,  but  considerable  prospecting  was  done  forB 
au ri  fercjus  quartz.  IL^wever,  u rs  f  il  placer  mining  proves  a  less  n tt riirt* 
ive  field  it  is  not  to  l>c  expected  that  much  attention  will  l>t*  paid  to 
the  finding  of  gold  in  bed  rock.  In  addition  to  the  auriferous  lodei^ 
some  antimony  and  bismuth  ores  and  graphite  deposits  have  received 
attention.  Sonio  w(nn\  has  al-n  iM^nt  ilonr  nn  the  Fish  River  galenu 
deposits,  Avhich  have  already  been  referred  to. 

During  these  two  years  there  has  been  great  activity  in  the  York 
tin  district.  One  lode  mine  near  Cape  Prince  of  Wales  has  iiuulc 
some  small  shipments  of  tin  ore,  as  have  also  some  placer  mines  on 
Buck  Creek.  Most  of  the  work  in  the  tin  district  has  been  directed 
toward  prosj)ecting. 

ST  MMAIIY. 


( 


The  facts  presented  in  the  foregoing  j)ages  make  it  evident  that 
real  lU'ogress  in  the  industrial  advancement  Avithiu  the  peninsula 
has  come  chiefly  during  the  last  five  years.  The  first  years  after  the 
gold  discovery  were  given  over  to  skinuning  the  cream  fnun  some 
of  the  I'ichest  creeks,  only  such  placei's  being  developed  as  assured 
immediate  retuius  and  riMpiired  l>ut  a  small  investment  of  capital. 
Such  operations,  while  they  made  for  quick  i*etnrns  and  attracted 
a  large  i)opnlation,  have  been  of  little  pennanent  benefit  to  the  dis- 
trict. No  placer  camp  whose  out])ut  is  dei-ived  solely  from  bonanzas 
ever  has  had   or  can   have  a   long  successful   historv.     It  has  been 
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eminent  have  been  rectified,  and  confidence  has  thereby  been  restored 
to  the  community. 

The  statistics  presented  on  pages  30-37  show  that  from  1901  to  1905 
the  variation  in  the  total  output  of  gold  from  the  peninsula  was  less 
than  10  per  cent.  This  does  not,  however,  indicate  a  uniform  yield 
from  the  different  districts  that  make  up  the  peninsula,  but  rather 
that,  by  chance,  when  one  bonanza  was  exhausted,  another  would 
be  found.  For  example,  by  the  time  the  beach  placers  had  been 
?xhausted,  the  creek  placers  at  Nome  had  become  large  producers, 
and  when  in  turn  the  richest  of  these  had  been  mined  out,  new  ones 
were  discovered  in  other  parts  of  the  peninsula.  As  mining  enter- 
prises become  better  established  and  a  larger  amount  of  gravel  is 
handled  annually,  less  fluctuation  is  to  be  expected. 

It  was  not  until  1902,  when  at  least  one  of  the  richest  creeks  was 
supposed  to  be  nearly  exhausted,  that  systematic  effort  was  made 
to  lower  mining  costs,  for  up  to  that  time  a  large  majority  of  the 
operators  believed  that  only  gravels  of  a  high  gold  tenor  could  be 
profitably  exploited.  A  few  far-sighted  and  experienced  men,  how- 
ever, realized  that,  by  the  installation  of  proper  equipment,  a  reduc- 
tion in  costs  was  possible,  which  would  make  available  for  mining 
the  large  deposits  of  auriferous  gravels  carrying  lower  values,  and 
that  by  such  means  only  the  life  of  the  district  could  be  prolonged. 

The  first  successful  enterprises  looking  toward  this  end  were  the 
construction  of  high-level  ditches  in  1901  and  the  installation  at 
about  the  same  time  of  various  mechanical  devices.  The  introduc- 
tion of  the  churn  drill  for  prospecting  about  this  time  is  also  worthy 
of  note.  A  second  great  advance  was  made  in  1904,  when  the  first 
large  dredge  to  be  successfully  operated  was  installed.  The  evohition 
of  mining  methods  is  still  in  progress,  for  many  problems  remain 
unsolved.  One  of  the  most  important  is  the  economic  handling  of 
the  frozen  gravels  which  underlie  much  of  the  tundra.  It  seems 
probable  that  utilization  of  some  of  the  water  powers  not  available 
for  hydraulicking,  by  transforming  them  into  electricity,  will  be  one 
of  the  early  lines  of  development. 

As  in  most  other  mining  camps,  the  necessity  of  intrusting  the 
management  of  large  enterprises  only  to  men  of  technical  training, 
experience,  and  proved  ability  has  not  by  any  means  been  fully 
realized.  It  is  common  knowledge  that  the  failures  of  mining 
[companies  are  in  a  large  measure  chargeable  solely  to  the  ignorance 
3f  the  men  responsible  for  their  management.  This  is  because  the 
public  has  not  been  educated  to  the  point  of  regarding  mining  as 
inything  but  a  gamble,  and  holds  in  small  esteem  those  who  would 
put  it  on  a  sound  business  basis. 


1KTR0I>UCT10X. 

In  the  foregoing  pages  Mi%  Brooks  has  outlined  llie  progress  of 
tr<:^ogfH  I )  h  i  (*  11 1 1  ( 1  gen  I  *  igi  v  %u  v  ve  y  s  i  n  Sp  w  a  r  d  Po  n  i  1 1  s  1 1 1  a  ♦  E  xoc*  j  >t.  « 1  i>i  \  ^ 
the  roast  line  the  surveys  began  in  18^)9  and  have  been  tjontinut^tl 
Juring  every  season  but  U^Oi^  up  to  the  present  tinie.  Nearly  nil  of 
this  work  has  been  of  a  reconnaissance  character  **  and  mucli  nf  il 
1ms  been  (lirected  toward  an  investigation  of  the  placer  depositjs. 
ThiR  was  necessarily  so,  for  detailed  surveys  mnst  be  preceded  by  a 
general  knowledge  of  the  whole  province. 

It  IH  the  purpose  in  tliis  section  to  present  only  the  salient  fratiu*es 
of  the  gt^ngraphy  and  geology,,  and  especially  those  which  l>ear  nior^ 
directly  on  the  occurrence  of  placer  gold.  The  new  matter  pre- 
sented, as  lias  already  l)oen  stated,  is  based  on  studies  carried  on  dur- 
ing three  months  of  the  sununer  of  190J^,  supplemented  by  some  obser- 
vations made  during  1904,  when  a  few  wwks  Avere  devoted  to  a  reex- 
amination of  some  of  the  more  important  mining  districts.  Tho 
itinciaiy  wliich  follows  shows  that  the  writer  was  not  by  any  meaii^ 
abh'  to  cover  the  entire*  field  indicated  by  the  title  of  this  volume. 
This  work  could  not  have  been  com])lete(l  Avere  it  not  that  free  iiS4^ 
has  been  made  not  only  of  the  reports  of  Brooks,  Mendenhall,  Rich- 
ardson, and  Moflit,  l)ut  also  of  their  unpul)lished  notes  and  manii- 
scri|)ts.  The  writer  is  also  fortuiuite  in  having  access  to  the  notes 
made  by  C.  W.  Pnringtou  ^'  and  Sidiu^v  Paige,  who  investigated  some 
of  the  gold  placers  of  the  peninsula  in  190:1  Finally,  he  is  under 
deej)  personal  obligation  to  the  mine  operators  of  the  peninsula,  who 
almosi  without  exception  have  shown  a  cordial  appreciation  of  the 
work  of  the  Survey  and  have  aided  it  by  every  means  in  their  poAver. 

"  hi  H>04  T.  (J.  Oordino  made  detailed  surveys  in  the  viciiiily  of  Nome  and  in  lli«' 
ftdlowin^'  )e;ir  1\  U.  Moftit  and  F.  L.  Hess  studied  in  detail  tlie  geoloijy  of  the  same 
region. 
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The  party  organized  for  the  purposes  of  the  investigation  in  1903 
ncluded  Frank  L.  Hess,  assistant,  and  a  packer  and  a  cook.  It  was 
DFOvided  w  ith  a  light  camp  equipment,  which  was  carried  by  a  pack 
:rain  of  six  horses.  The  disembarkment  at  Nome  was  made  on  June 
16.  After  spending  a  few  days  in  the  Anvil  Creek  region,  a  route 
was  laid  up  the  Nome  River  valley  to  the  Kigluaik  Mountains, 
thence  westward  and  around  their  seaward  end  to  the  Bluestone 
iistrict.  From  Teller  an  excursion  was  made  into  the  York  tin- 
bearing  region  by  boat,  the  results  of  which  have  already  been 
published.*» 

From  Teller  the  party  took  a  northerly  course  and  visited  the  gold- 
bearing  region  of  the  Agiapuk  and  the  upper  Kougarok  basin.  Turn- 
ing southward  through  a  gap  in  the  Bendeleben  Mountains  the  party 
reached  the  Council  district,  where  a  study  of  most  of  the  producing 
placers  was  made.  Thence  the  party  proceeded  to  Nome  by  way  of 
the  Solomon  and  Eldorado  river  valleys,  whose  placers  were  exam- 
ined en  route.  At  the  close  of  the  season  about  ten  days  were  de- 
voted to  some  detailed  studies  of  the  auriferous  gravels  near  Nome, 
special  attention  being  given  to  the  high-bench  deposits.  The  party 
embarked  for  Seattle  on  September  18.  In  the  course  of  a  journey 
of  nearly  500  miles,  occupying  about  one  hundred  days,  the  party  had 
examined  the  placers  on  upward  of  150  creeks,  besides  carrying  on 
geologic  reconnaissance  mapping.  It  will  be  evident,  therefore,  that 
while  there  were  better  opportunities  than  had  fallen  to  any  previous 
investigators  in  this  field,  yet  much  of  the  work  was  necessarily  hasty 
and  not  made  in  the  detail  desirable  for  an  exhaustive  study  of  the 
auriferous  gravels. 

GEOGRAPHY. 

GENERAL  OUTLINE. 

Seward  Peninsula,  cut  out  from  the  mainland  l)y  Norton  Sound 
on  the  south  and  Kotzebue  Sound  on  the  north,  has  an  outline  which 
suggests  a  crudely  shaped  arrowhead  pointing  to  the  west  toward 
Cape  Nuniamo,  on  the  Siberian  coast.  (See  fig.  2.)  The  total  length 
from  east  to  west  is  about  200  miles.  From  Norton  Sound  to  Kotze- 
bue Sound  the  distance  is  only  80  miles,  but  the  width  of  the  penin- 
sula along  a  line  from  Cape  Nome  to  Cape  Espenberg  is  150  miles. 
The  total  area  is  approximately  20,000  square  miles.  The  main  mass 
of  the  peninsula  is  included  between  meridians  101°  and  1G8°  west 
longitude  and  parallel  64°  north  latitude  and  the  Arctic  Circle. 

The  dominant  topogi'aphic  forms  of  the  province  are  flat-topped 
uplands  from  800  to  2,500  feet  high,  l)roken  by  broad  valleys  and 
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nni^n  ptjAcera  of  skward  rKNiNsuLA. 


hnmi  lowlands  (  Pt.  T.  /?).  Tn  tlie  sondifrii  hiilf  of  the  peninsula tk 
Kijrluiiik,  Ik^ridelebeii,  and  Diirbj  HHninUiins  form  n  broken  niDg? 
nlon^  a  cri?scentic  axis.  The  York  Mountains  and  several  other  high- 
hiful  marises  fonii  iKohxtetl  f^roiips  in  the  northt*rn  half  of  the  penin- 
suhi.  The  watereouryes,  as  a  rule,  foHow  hroail  valley's  ^vith  gentle 
slopes.  About  one- fourth  of  the  drainage  finds  its  way  northward  to 
the  Aretic  Oceiui:  the  rest  Hows  southward  into  Berin|^  Sea  and  its 
c-onneetiiig  bodies  of  water.  The  shore  line  is  chararterized  by  Itmg. 
i^traiglit  ijeache]^  with  gentle  slopes,  broken  by  rocky  bluffs  mid  by 
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Fic.     '1. — Prfcinot     map    of     Seward     IVnInsiila.       1,     fJoodhopo  :     2.     I'ort     C'laremr:    n. 
Kou^arok  ;    4.    Kairliaven  ;    5,    Koyiik  ;    ♦»,    Coiinoil  ;     7,    Nome. 

deep  onibaynients  and  inlets.     (See  t()])()«i:raphi('  maps,  Pis.  VIII  ami 
IX,  in  pocket.) 

SHORE  LINE. 


The  coast  line  of  Seward  Peninsuhi  is  remarkably  even  and  regular 
as  compared  with  that  of  southern  Ahiska.  Nearly  the  whoh^  penin- 
sula is  l)order(Hl  by  slitrhtly  curvin<i:  beaches,  which  mark  the  sea- 
Avard  mar^jfins  of  coastal  plains,  broken  hy  numerous  headlands,  but 
Avith  some  deep  inlets.     The  sea  floor  slopes  otT  at  a  very  orentle  angle. 
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ire  so  shallow  that  no  soundings  al)ove  85  fathoms  have  been  reported 
kvithin  100  miles  of  the  coast. 

Golofnin  Bay,  which  breaks  the  coast  line  100  miles  east  of  Nome, 
las  a  depth  of  more  than  3J  fathoms  at  the  entrance,  but  large  ves- 
sels can  not  approach  nearer  than  within  3  miles  of  the  landing  at 
:he  head  of  the  bay. 

Port  Clarence,  about  80  miles  northwest  of  Nome,  is  the  only  harbor 
3f  the  i)eninsula.  It  is  nearly  circular  in  outline,  15  miles  in  diam- 
eter, and  cut  off  from  the  open  sea  by  a  long,  low  sand  spit.  The 
Coast  Survey  charts  show  a  depth  of  9  fathoms  near  the  entrance, 
and  good  anchorages  for  large  vessels  can  be  found  over  much  of  its 
area.  From  the  head  of  the  bay  Grantley  Harbor,  navigable  for 
light-draft  vessels,  extends  inland  for  15  miles,  and  this  in  turn  con- 
nects at  its  head,  by  way  of  a  narrow  tidal  inlet  called  the  Tuk- 
suk  Channel,  with  the  large  body  of  brackish  water  called  Imuruk 
Basin  or  Salt  Lake.  By  using  these  waters  light-draft  steamers 
can  penetrate  well  into  the  heart  of  the  peninsula. 

Along  the  north  coast  the  shore  line  is  almost  continuous  from  Cape 
Prince  of  Wales  to  Kotzebue  Sound,  but  there  are  a  number  of 
shallow  lagoons  lying  between  barrier  beaches  and  the  mainland  and 
connected  with  the  Arctic  Ocean  by  narrow  channels.  The  largest 
of  these  lagoons,  known  as  Shishmaref  Inlet,  can  be  used  as  a  harbor 
by  vessels  of  light  draft. 

Goodhope  Bay,  which  breaks  the  northern  coast  line  and  cuts 
Seward  Peninsula  off  from  the  mainland  on  the  north,  is  about  30 
miles  wide.  A  depth  of  water  of  more  than  5  fathoms  can  be  found 
over  much  of  its  area,  but  owing  to  its  great  size  it  affords  little  more 
protection  to  seagoing  vessels  than  does  the  open  coast  of  the  penin- 
sula. There  is,  however,  a  good  anchorage  protected  from  nearly  all 
winds  south  of  Chamisso  Island.  This  was  used  as  winter  quarters 
by  some  of  the  vessels  of  the  Franklin  relief  expedition." 

Headlands  that  break  the  continuity  of  the  beaches  are  common 
features  of  both  the  north  and  south  coasts  east  of  a  line  running 
from  Rocky  Point  to  Cape  Espenl)erg.  Rocky  Point,  Cape  Darby, 
and  Bald  Head  are  notable  promontories  on  the  north  shore  of  Norton 
Bay,  and  Cape  Deceit  is  the  most  prominent  of  the  rocky  points  on 
the  south  shore  of  Goodhope  Bay.  The  limestone  cliffs  west  of  Cape 
Deceit  are  famous  sea-bird  rookeries  and  during  the  nesting  season 
supply  the  town  of  Deering,  2  miles  east  of  the  cape,  with  al)un- 
dance  of  fresh  eggs.  AA''est  of  Rocky  Point  on  the  south  coast  Topkok 
Head  and  Cape  Nome,  the  only  promontories  which  reach  the  coast 
in   a   distance  of  100   miles,  scarcely  l)reak   the   continuity   of  the 


*  Soo  ReconnaissancoH  In  Capo  Nome  nnd  Norton  Itay  n'jflons,  Alaska,  iu   1!K)0,   a  spe- 
cial publication  of  the  IT.  S.  Oeol.  Survey,  1901.  pp.  lO-l'O. 
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Ix'LU'h  line.  For  aboui  5  milew  on  either  MiJe  of  Cape  York  linie^^tnne 
ditfs  rise  from  the  ^n  to  an  elevation  f)f  B(H)  feet*  West  of  these  cUtfs 
lie  iM^flcbes  baeketl  by  a  narrow  coantjil  plain  for  15  miles  to  Cape 
Prince  of  Wales,  wliere  an  isolated  peak  called  Cape  Mountain  r\^ 
to  an  elevation  of  2S0Q  feet  al>ove  tbe  sea.  On  its  south  and  west 
,sjdes  the  slopes  fall  off  to  the  sea  in  eliffs  several  hundred  feet  high. 
On  the  north  coast  of  the  peninsula  there  are  no  headlands  fi*om  Cape 
Prince  of  Wales  to  the  south  shore  ttt  Goodhope  Hay.  llie  coastal 
plain  slopes  to  sea  level,  and  through  a  conmderable  portion  of  tbe 
distanice  probably  descends  slightly  l>elow  wea  level,  siince  the  beatte 
are  built  on  the  seaward  side  of  sand  spits,  the  pi'oduct  of  wave  ami 
current  action, 

RELIEF. 

Altliough  the  detailed  topography  of  the  peninsula  pi*esents  ^i^al 
irregidarityj  induced  chiefly  by  the  lack  of  uniformity  of  the  dniiriajj^' 
system,  yet  practically  all  the  land  forms  l>elong  to  one  of  three  tyi>es. 
These  present  little  variation  throughout  tbe  province.  Tn  ordt^r  of 
importance  tbey  are  as  follows;  The  uplands,  tbe  lowlands,  and  tlu^ 
mountains,  A  fourth  typej  of  nuliordinate  iniport-ance  in  extent,  yet 
<"ontaining  tbe  key  fo  the  evolution  of  the  topography,  consists  of  the 
ro<'k  and  gravel  floored  terraces  which  occur  thnnighout  the  pen- 
insula. 

Tn  much  the  greater  part  of  the  ]>en insula  the  V>road,  flat-toppeJ 
and  rounded  hills,  here  collectively  called  the  uplands^  are  the  domi- 
nating topographic  features.  The  summit  levels,  which  locally  have 
a  striking  uniformity  of  altitude,  range  from  a  few  hundred  feet 
near  tide  water  to  )^,()()0  feet  near  the  heart  of  the  peninsula.  The 
evolution  of  this  topographic  type  will  not  be  here  discussed,  but,  in 
general  terms,  this  upland  can  be  considered  a  dissected  plateau, 
whose  sununit  level  marks  a  peneplain.  Attention  will  1h»  drawn  to 
a  number  of  base-levels  of  lower  altitude,  indicating  later  epochs  of 
erosion,  renmants  of  which  are  j)reserve(]  as  minor  phiteaus  nixl 
l)en('lies. 

The  lowlands  eml)race  three  types.  The  most  extensive  are  the 
coastal  plains,  which  nearly  everywhere  fringe  the  shore  line  and  in 
places  reach  a  width  of  20  miles  or  more.  These  plains  merge  inland 
with  the  lower  slopes  of  the  uplands  and  foi*m  the  ty])ical  tundra  of 
the  circMun polar  province.  The  extensive  basin  lowlands  are  striking 
t()]:)()graphic  features  of  the  peninsula  and  form  a  second  type  of  this 
group.  They  are  in  many  places  nearly  surrounded  by  uplands  and 
ai'e  drained  through  comparatively  narrow  valleys.  Like  the  coastal 
|)lains,  their  floors  merge  with  the  slopes  of  the  uplands.     The  third 
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for  by  recent  changes  of  drainage,  brought  about  by  local  warpings. 
Valleys  of  still  another  type  are  those  which  occur  in  a  few  of  the 
higher  mountain  masses  and  which  have  been  formed  by  the  erosive 
action  of  glaciers.  These  have  the  typical  U  form  and  find  their 
sources  in  glacial  cirques. 

The  third  group  of  topographic  forms  embraces  the  mountains, 
which,  as  has  been  stated,  include  only  one  considerable  range  within 
the  peninsula.  There  are,  however,  several  other  isolated  mountain 
masses,  which  rise  above  the  general  summit  level  of  the  upland.  The 
mountains  are  characterized  by  a  rugged  topography  and  shar])ly  cut 
drainage  channels.  As  will  be  shown,  a  number  of  them  have  been 
the  scene  of  i-ecent  glaciation. 

To  speak  broadly,  the  peninsula  is  divided  into  two  topographic 
provinces  by  the  range  whose  various  parts  have  been  called  the 
Kigluaik,  Bendelebeu,  and  Darby  mountains.  South  and  west  of 
these  mountains  is  an  upland  region  with  a  relief  ranging  from  800 
to  3,000  feet  in  altitude.  North  of  the  mountains  is  a  second  upland 
region  with  about  the  same  relief. ' 

The  Kigluaik,  Bendeleben,  and  Darby  mountains  lie  along  an 
axial  uplift,  which  is  of  a  crescentic  shape.  This  axis  stretches 
northeastward  from  a  point  near  Cape  Woolley  to  the  one  hundred 
and  sixty-third  meridian,  then  bends  toward  the  south,  embracing 
within  its  sweep  the  drainage  basin  of  Fish  River,  and  extends  south- 
ward to  Cape  Darby,  east  of  Golofnin  Bay.  The  highest  peaks  of 
the  Kigluaik  Mountains  reach  an  altitude  of  nearly  5,000  feet ;  those 
of  the  adjacent  Bendeleben  Mountains  do  not  exceed  3J00  feet;  and 
the  Darby  Mountains  are  of  still  lesser  altitude,  ranging  from  2,500 
to  3,000  feet.  Both  the  Kigluaik  and  Bendeleben  ranges  are  rugged, 
with  sharply  cut  valleys,  and  both  include  many  glacial  cinjues. 
These  mountains  have  been  deeply  dissected,  and  the  valley  walls  rise 
precipitously  from  the  floors.  Within  the  mountains  proper  the 
stream  gradients  are  steep  and  the  watercourses  torrential.  A  strik- 
ing feature  of  the  drainage  system  of  the  Kigluaik  Mountains  is  the 
remarkable  straightness  of  many  of  the  valleys,  the  larger  of  which 
divide  the  mountains  into  a  number  of  irregular  masses,  some  of  them 
forming  subordinate  ranges. 

The  Kigluaik  Mountains  are  nearly  everywhere  separated  from  the 
uplands  by  extensive  lowlands.  On  the  north  lie  the  extensive  flats 
which  surround  Imuruk  Basin;  these  flats  stretch  eastward  and 
sweep  around  the  end  of  the  range  and  are  continued  by  the  valley  of 
Kruzgamepa  River.  On  the  south  the  headwaters  of  Kruzgamepa 
and  Stewart  rivers  flow  in  broad  depressions.  The  west  end  of  the 
Bendeleben  Mountains  is  similarly  isolated,  but  at  the  east  end  of  the 
range  there  is  a  more  gradual  transition  between  the  upland  and  the 
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mmiiilaiiis,  aiul  tliis  ij^nlsu  {n\r  of  lUt*  I>urliy  Mtjuiiljniis.  whorr  ihcvv 

and  Mphnid,  I 

Tot  lie  mumIIj  (if  \]\i\  triountaiiiH  i.s,  ns  nhrady  slnttMl,  n  lii^lihuitl  riiitss 
wliasL^  siUJiiiiits  niiigti  fruuj  SOO  tu  ii^CKK*  IVot  iu  eLnati^m.  Tim  nlopai 
of  this  upland  nm  in  many  places  In-oki-n  by  \vcdl-iiiarkt*d  Ix^ticUi*^  I 
whk'li  up  to  an  altitude  (>f  HfK)  ftnH  atv  plainly  dut?  to  stroaui  tn'c^idn. 
Tin 're  »ro  alhcj  .some  .si  ill  Ingher  lieiu'lies  wlio.se  origin  hiis  nttl  Ihtii 
iletinitely  deteruiined.  This  highland  area  in  e^ssient tally  one  of  ins- 
ular (opcjtrnipliy,  with  uo  well'deHiitHi  sysh*ui  of  ridgt's.  Tlie  wnltT- 
course!^  How  in  broad,  deeply  vui  valleys,  whose  slo|>es  ais<"eu4l  ^^nirl- 
uiilly  to  tlie  divide?^*  The  summits  ai^  rounded,  but  ai-^e  broken  hy 
unmeroiiH  rcK-ky  knobi^,  ujauy  of  whieh  are  i*afved  iutt*  fautahii-' 
sliM[K*s»  T!u*JS4'  easti'lbited  peaks  ai'e  veiy  eliaraeliHMHtit*  feaiuiTH  of 
the  topography  and  tlunr  prem*rvatiou  plainly  indicates  the  abjwm'e 
of  rt'gional  ghiciation*  Their  tnitliue  is  deteruiined  bolh  by  ths:  lith<h 
logie  aiul  the  ntruetural  eharaeter  of  the  r<.K'k  frouj  wlueb  tliey  Imvij 
been  carved.  The  general  trend  of  the  larger  valleys  is  north  anrl 
^onth,  and  these  block  out  broad  ridges  whose  luargius  ni^ 
*sr*a Hoped  by  the  minor  tributaries.  Studied  in  detail  this  featai"^ 
would  appear  to  ijidieate  a  north-^iouth  trend  of  the  topography,  hut' 
study  of  a  larger  area  shows  such  an  interpretation  to  be  at  fault 
The  liigldandsj  as  a  rule,  fall  otf  to  the  coastal  plain  Ijy  a  series  of 
well-defined  teiTaees, 

As  has  been  stated,  the  highlands  do  not  in  general  fall  off  directly 
to  the  sea,  but  are  separated  l)v  a  coastal  plain  of  varying  width. 
Many  of  these  lowlands  have  a  general  crescent ic  form,  terminating 
at  either  end  in  bluffs  whose  bases  are  washed  by  the  sea. 

The  Kigluaik  and  Bendelebcn  mountains  are  sej)arated  by  lowlands 
on  the  north  fi'om  the  upland  region  which  constitutes  the  northern 
two-thirds  of  the  peninsula.  This  uj^and,  like  the  similar  oiio  to 
the  south,  is  characterized  by  fl:it-t()i)j)e(l  ridges  and  hills  rising  to 
altitudes  ranging  from  (iOO  to  '2J)()0  feet.  Here,  too,  the  nu)notony 
of  the  sununit  level  is  broken  by  numerous  minor  peaks  of  irregular 
form.  Besides  these  there  are  a  munber  of  more  extensive  mountain 
masses  that  are  comparable  to  the  monntains  to  the  south,  though  of 
lesser  altitude  and  not  so  I'ugged  a  character.  Of  these  subordiinUe 
I'anges  the  York  ^Mountains  are  the  most  (^\tensive.  These  form  an 
irregular  mass  near  the  western  limit  of  the  peninsula  and  reach  their 
maxinnun  altitude  in  Brooks  ^lountain,  about  '2^H){)  feet  above  the  k^ji. 
The  general  trend  of  these  mountains  is  northeastward,  but  their 
extension  appears  to  merge  with  the  general  sununit  level  of  the  up- 
land.    On  the  south  and  east  they  fall  off  to  a  well-marked  plateau. 
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scribed  in  detail  elsewhere.*»  On  the  nortii  tiie  York  Mountains  slope 
off  gradually  to  the  upland,  which  in  turn  falls  off  to  an  extensive 
coastal  plain.  The  York  Mountains  proper  are  rugged  and  their 
stream  valleys  are  sharply  cut.  Among  the  high  summits  evidence 
of  some  glaciation  is  to  be  found,  but  this  is  of  much  less  extent  than 
in  the  mountains  to  the  southeast. 

In  the  northeastern  part  of  the  peninsula  there  are  i\  nunil)er  of 
solated  mountain  masses,  but  these  appear  to  Ik'.  local  elevations  of 
he  plateau.* 

The  northern  upland,  as  has  been  stated,  reaches  an  altitude  of  2,000 
'eet.     Between  the  summit  level  and  the  lowland  there  is  in  many 

CapeMta.    _         Nuluk  PUtMU  _        York  Mte. 

BennpSea  / \/-^ — \/' -        -y  /  -^ ^ „ .^r^;i^Ji^:i^-i^ 

Fic;.  3. — Profile  of  the  western  part  of  Seward  PeninHuIa,  HhnwinK  old  erosion  levels. 

places  a  series  of  broad  benches,  which  represent  distinct  epochs  of 
»rosion.  These  have  been  described  in  detail  elsewhere ; '  briefly 
jtated,  four  epochs  of  erosion  have  been  recognized,  each  of  which 
narks  a  stage  of  stability  during  a  general  period  of  uplift.  The 
lighest  and,  therefore,  oldest  of  these  plateaus  is  preserved  in  l>enches 
ying  at  altitudes  of  2,000  to  2,700  feet.  This  erosion  level  has  been 
ermed  the  Nuluk  Plateau  (figs.  8  and  4).  A  second  erosion  period, 
:he  residt  of  which  has  been  called  the  Kugi^uk  Plateau,  is  marked 
Dy  a  well-preserved  bench,  ranging  in  altitude  from  400  to  1,200  feet. 
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Fig.  4. — Sketch  of  the  coast  from  Cape  York  to  Cape  Prince  of  Wales. 

The  so-called  York  Plateau  gives  evidence  of  a  third  local  base-level 
md  stands  300  to  700  feet  above  the  sea.  The  extensive  coastal  plain 
s  the  result  of  the  fourth  and  most  recent  epoch  of  erosion.  AVTiile 
iome  if  not  all  of  these  base-levels  are  probably  represented  through- 
mt  the  peninsula  they  have  Ix^en  correlated  only  in  the  northwestern 
)art. 


*  Reconnaissance  in  the  Cape  Nome  and  Norton  I>ay  regions,  Alaska,  in  11)00,  a  special 
ablication  of  the  U.  S.  Geol.  Survey.   lOOl,  p.  r^2. 

^Moffit,  F.  H.,  The  Falrhaven  gold  placers,  Seward  I'eninsiila,  Alaska  :  Hull.  U.  S.  Geol. 
arrey  No.  247,  1905,  pp.  42-44. 

•  Collier,   A.   J.,   A   reconnaissance  of  the  northwestern   portion  of  Seward   I*enln8ula, 
L :  Prof.  Paper  U.  S.  Geol.  Survey  No.  2.  lyoii,  pp.  35-40. 
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To  !^[ieiik  bmadly,  the  northern  tipland  la  of  greater  irrc^u:iiUirity 
than  the  southern.  There  is,  however*  here  the  Hnine  gi^nornl  (ri?^J 
ijf  Ihe  dniinage  system,  which  has  produced  ridgt^s  strek*hiug  irrep- 
larly  north  and  south.  This  upland  on  the  north  fiilLs  ofl'  I>y  n  gmi- 
nal  slope  to  the  broad  lowhind  thiit  skirts  the  Arctic  Oeemu  a  \ilm 
njuch  itjore  extensive  than  tiny  of  tho^  along  the  southern  coast  of  ih 
penins\ila.  The  transition  between  the  two  ^eems  to  be  more  gradual 
thiiii  in  the  Moiith,  where  numerous  benclieis  break  the  ^awiinl  i>h\vt 
fif  the  upland*  As  in  the  soutliern  part  of  the  peninsula,  exteimive 
basin  lowlands  form  important  toi>ographic  types  in  this  region, 

DRAINAGK 

The  following  aecount  of  the  (hnimige  in  qiioletl  fi^om  a  rei^eul 
report  \>y  Brfxiks:"* 

11k»  Berliig'An.'tIr  waterslieti  ft>l  Id  ws  a  sUuioum  lian  a  king  thi*  Unigi^r  asfn  nf 
tilt'  [>t*niuHalfl  tf^  Ca])!*  Trlai^  of  Wah'w  uad  nendti  tbf^  \v«t4*rs  of  t>vi»r  twt>-tlilrtte 
(if  its  art>a  liouthward  to  the  Beriii;yr  St*M.  The  bi(jfhUimlH  ttjiitiltiit  of  n»ll[Dii  Uji^ 
laud  1.<M*  to  2.rtfMJ  fe<*t  iib^jvt*  the  W4»n.  and  tbfn'c  art*  aouiw  iH<jhit<.'tl  nvttaal4jln 
iiiasjso^  wlik'h  Bttiud  hlght^r.  but  tb**  bittf^r  in  no  t^iiat*  d**t<?ruiiiw  tb<*  i*itHt  and 
wt*Bt  divide.  The  headwHtern  of  \hv  wtreaiim  flowing  into  the  Arrtit'  mn]  iU^P 
ing  was  luterlcK^b  irregularly  within  the  u[>laml.  throwing;  the  wiitt^rslu'il  i\T*l 
north,  theii  i^nuth,  anil  ifivliii^  it  the  iri^^KulJU'Ity  wbk*h  hnn  bei^ii  des4crilKHl. 

The  Koyub  Ittver,  one  Qt  IIjl^  hir^ost  of  the  peQiusuIii.  enters  ti  sriinll  tibial 
es^tuary  at  the  head  i>f  Norton  Hay.  Its  nourc©  is  in  a  grave! -flo<ji\*d  ]ms\\i 
whh.*b  lies  weit  toward  the  i^nter  of  the  jieiditsnila  and  Ik  hmuided  on  the  soutfe 
by  tbe  Bendf^lMbeu  Mounfainn.  whl'-h  rise  2iMW>  feet,  ami  hy  bii:hbind8  on  tk 
ncirth  risiaj^'  UiiK*  U^^t  alHive  Its  iluor.  Tbe  Koyiik  flows  In  a  tortuous  !'<:»«»■ 
anri  with  shi^Lii^h  nirrent  aeroKs  tliM  basin,  whleh  it  leaves  tlironi^di  a  narrow 
valb^v  with  a  n^teeji  ^,'nj<lie[it  Tills  canyon- vol  ley  ty[ie  cuntijnies  t^astwanl  U^r 
abont  3i  miles,  t<t  where  tlie  rivt*r  enters  another  broad.  Irvel-fliKinsl  viillpy 
which  cxti«ndH  east  and  sontii,  »:r:iiinaiiy  oi>enJa^'  out  and  merging  intL>  fb*? 
coastal  ijlain  of  Norton  Bay. 

Tbe  Kwik  Rhcr  enters  Norton  Bay  30  niile^  we>^t  of  the  Koyuk.  It  flowa 
honthwar<i  tbrongh  a  brnaO  and  ahini^^t  featurt^ieHM  depression  which  northward 
is  cnnnecteO  vvStli  tlio  Koynk  iiasin  i\v  n  low  fiass, 

Hf^ht  miles  west  of  the  Kwik  is  a  la;<:otin.  intt>  wlijcb  tlow,s  tbe  Tnluirulllc 
River.  This  stream  rises  in  a  jrroiip  of  low  mountains  .HO  miles  from  the  sea. 
traverses  a  small  basin,  then  takes  a  tortuous  course  throujrh  the  hills  and 
enters  the  coastal  plain  10  miles  from  tbe  sea.  Tbe  Kwiniuk  River,  whi<h 
empties  into  the  same  lagoon,  rises  in  low  bills  10  miles  from  tbe  coast  and 
flows  in  a  broad  valley  from  which  it  enierjjes  on  tbe  coastal  plain. 

At  Cape  r)arl)y  tbe  shore  line  suddenly  retreats  inland,  and  to  tbe  northwest 
are  Golofnin  Bay  and  Golofnin  Sound.  At  the  head  of  the  sound  is  the  broad 
delta  of  Fish  River,  and  the  valley  of  tbe  latter  stretches  northward  for  10 
miles  as  a  broad  dei)ression.  then  contracts  for  a  few  miles  only  to  ojien  apii" 
to  a  second  extensive  lowland,  which  also  includes  tbe  lower  reaches  of  th? 
Xiukluk  River,  the  principal  tributary  of  tbe  Fish.  Tbe  Fish  rises  in  a  basin 
which  is  typical  of  the  basins  at  tbe  headwaters  of  many  rivers  of  northern 
Alaska.     *rbese  basbis  are  level,  ^ravel-Hlh^d  depn^ssions  c^nerreled  hy  upknil^ 
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whose  sloi)e8  often  rise  abruptly.  Within  theiu  the  streams  have  low  grades 
and  flow  with  tortuous  courses,  but  below  them  flow  through  narrow  canyon- 
lilce — often  rockbound — valleys,  with  straight  courses,  steep  gradients,  and  fre- 
quent rapids.  The  basin  of  the  Fish  is  of  rectangular  outline,  30  miles  long  and 
20  miles  wide,  and  below  it  is  a  constricted  valley  which  is  about  10  miles  long, 
less  than  a  mile  in  width,  and  has  abrupt  walls.  Within  the  basin  the  river  is 
tortuous  and  has  a  sluggish  current,  while  in  the  canyon  it  is  comparatively 
straight  and  descends  through  a  series  of  rapids. 

Niukluk  River,  the  largest  confluent  stream,  joins  Fish  River  about  20  miles 
from  the  sea.  Near  the  mouth  its  valley  has  a  width  of  about  6  miles,  which 
gradually  decreases  to.  less  than  a  mile  near  Richter  Creek,  while  8  miles  above 
the  stream  flows  for  2  miles  through  a  steep-walled  rockbound  canyon  50  feet 
ieep.  Above  the  mouth  of  the  Casadepaga  the  valley  broadens  out  to  a  basin 
separated  by  only  a  very  low  divide  from  the  Kruzgamepa,  which  flows  into 
Port  Clarence.  The  two  basins  connected  by  a  sharply  incised  valley,  are  strik- 
ng  features.  The  valley  of  Casadepaga  River,  the  chief  tributary  of  the 
>«iukluk.  is  broad,  with  gentle  slopes,  broken  by  gravel  terraces  up  to  an  alti- 
^de  of  600  feet.  The  headwaters  of  the  Casadepaga  are  connected  by  a  low, 
gravel-filled  divide  with  Solomon  River,  which  flows  southward. 

West  of  Golofnin  Bay  the  Solomon  and  Eldorado  rivers,  as  well  as  many 
smaller  streams,  carry  the  drainage  southward  through  broad,  open  valleys, 
irhose  slopes  are  often  terraced.  The  Eldorado  and  Nome  rivers  rise  in  gravel- 
filled  basins  of  the  type  already  described,  which  to  the  north  are  connected  by 
broad  imsses  with  Kruzgamepa  waters  and  to  the  south  are  succeeded  in  turn 
by  a  constricted  valley  and  a  broad  valley  whose  floor  merges  into  the  coastal 
plain.  The  Snake,  Penny,  and  Cripple  river  valleys  merit  no  special  descrip- 
tion. Near  the  coast  they  are  broad,  and  their  floors  are  extensions  of  the 
coastal  plain,  above  which  they  become  constricted. 

Sinnk  River,^  which  empties  into  the  sea  about  30  miles  west  of  Nome,  is  one 
of  the  largest  rivers  of  the  southern  watershed  of  the  Seward  Peninsula,  and 
receives  the  drainage  from  the  southern  slope  of  the  Kigluaik  Mountains.  It 
emerges  from  the  mountains  in  a  narrow  gorge  and  flows  in  a  broad  depression 
parallel  to  the  range  for  about  15  miles,  turns  southward  and  reaches  the  sea 
through  a  broad,  flat  valley.  Its  waters,  as  well  as  the  headwaters  of  its  chief 
tributary,  Stewart  River,  are  connected  by  a  broad,  gravel-filled  pass  with  the 
Kruzgamepa  Valley. 

Fairview  and  Feather  rivers  are  streams  of  minor  importance  which  flow 
;re6tward  from  the  southern  flanks  of  the  Kigluaik  Mountains.  Tisuk  Creek  is 
somewhat  larger  and  drains  the  northern  sloi>es  of  the  Kigluaik  Mountains, 
from  which  it  emerges  in  a  narrow  valley  which  broadens  out.  In  its  lower 
coarse  the  current  meanders  sluggishly  over  a  flat  valley  floor  and  flnally 
empties  Into  a  lagoon  of  Bering  Sea.  A  gravel-filled  divide,  about  2U0  feet  higli, 
separates  the  Tlsuk  from  Canyon  Creek,  which  flows  northeastward  into  Imuruk 
Basin. 

A  number  of  small  streams  flow  into  Port  Clarence  and  Grantley  lIarl)or  from 
both  the  north  and  the  south,  but  the  Bluestone  River  drains  the  larger  part  of 
the  area  lying  between  the  Kigluaik  Mountains  and  Port  Clarence.  Its  head- 
waters are  in  a  basin-shaped  valley,  but  at  the  mouth  of  the  Alder  it  enters  a 
nx^-cnt  canyon,  below  which  it  flows  through  a  broad  valley  tributary  to  the 
Tnksnk  Channel. 

The  bead  of  Imuruk  Basin  is  Iwunded  by  a  fiat,  swampy  area,  through  which 
meanders  a  broad  river,  sometimes  calle<l  the  Kavinik,  which  forks  about  20 

•  Locally  often  called  the  Sinrock  River. 
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tijiJrs  frmn  Uie  I  my.  Tlje  sou  1 1  Jem  fm-k,  i*»Ueil  tln.^  KnizpuiiPini.  Hse« 
wiMifii  the  Klfflualk  Mountatij»,  llowliig  E<jutl)\vard  till  It  lini^^en  tliem  r  tben  1 
a  riurUieiiKierly  tnnirw^  ami  enelrc!^  the  c^ist  end  or  tUf*  niiiK*>.  Tlilw  (*apt  of 
till*  virrie^v  liew  In  the  i^nnie  IowIiuhI  tlmt  iiu'hHlt>p«  t[i^  uiiimr  Imslu  of  t\w  Mnkliib, 
Tlii*  nortlmni  fork  of  the  Kovlruk*  rnUetl  Ihe  Kuzltrtii,  hiiit  Um  scmrce  li^  m  bratitl 
fi/H  I  Hi  sin  III  whiHl  U  i»  Joined  hy  its  t-hief  trilmtnry,  tht^  KouKiirok,  Hc^low  lb- 
biiKhi  It  riowK  (hrt>ii»;ti  «  r»Mjt»r  tKirmw  viilJey  for  rilmut  2ii  uille.'^.  and  tlelNiuvb:* 
i»n  tho  pljihi  nt  t!*o  lieiirl  uf  Innirnk  Bnsln.  A  tliirU  lar*?e  urea  Is  dmfneil  \m 
hnnruk  ItaKln  fmrii  tlip  north  by  the  AghJjvnk  llWer. 

Hetwei^n  I'l^r*  t'hn*4*nre  nml  York  an?  wv*irii]  istream^  which  have  la  |jeih«ral 
11  soiitherl;^  fOLir>4t\  but  whleh  art*  InsslguiHcaiit  in  Klze.  West  of  Cnjie  York  iJu' 
tirst  imtiortant  river  In  the  Krinauj^uk.  which  lie«  well  within  the  Yoi%  Mmjs 
taiuH, 

The  Art*th'  druluuije  of  tlie  Reward  Penlnflulri,  t^mbracinic  probably  not  over  a 
third  of  Its  area,  t«  all  of  praHbally  the  same  general  type.  The  headwater  vsL^ 
leys  :ire  broad  and  ofM*n  and  the  watersheds  separating  thetn  from  tho  vn  I  leys  of 
the  streams  flowing  mmih  are  often  very  low.  The  pa^Kes  are  broad  ami  gxavH 
11 11  Of  I  »nd  suggest  rei.-erjt  chanjjres  lit  dm!  nag**.  The  valleys  of  the  nortbwuril 
tlowing  streams  open  out  as  they  approjich  the  Arctic,  the  i^radlent*!  beiTiuje  \9f.*^ 
and  l^nalty  the  floors  merge  Into  the  coastal  art^jo*,  ibr^itigh  which  tlu*  r^ir^imi* 
meander  with  slnirglRh  currentR.  Mnny  of  the  Arctic  F;t reams  empty  into  hvm 
lagr»ons^  which  are  cut  off  from  the  ocean  by  long  barrier  tteaches*  The  f^treants 
on  the  Arttic  coast  are  Btratghter  tluin  those  flowing  Into  Bering  Sea.  Tlie 
easterly  streams  tiow  northeast,  the  westerly  ones  northwest.  West  of  Cape 
Espenber^'  the  Ser|»enlhie,  Arctic,  Kong-arok.  Pingnk,  and  Mint  are  the  ebirf 
rlverH,  while  the  rtoodhofve.  Cripple,  Imnftchiik,  Kugruk,  Klwallk,  and  Buckliai^ 
drain  the  northeastern  part  of  the  iiealnsnhi* 

The  Buck  land  HI  vet,  which  flows  Into  EstchBcholtK  Bay,  a  part  of  Kotaeliw 
8onntl,  tbrou^h  n  long  tid;il  estuary,  ri^es  abont  Til  miles  soiUbciist  of  tUc  li;iy, 
and  opiM>f*ew  the  drajna|c;e  tlowing  on  one  hand  Into  Norton  Bay  and  on  the  nthir 
iuio  the  Inwer  Ivoyiikuk,  The  lower  W  miles  of  this  river  were  explored  In  1849^ 
l»y  exficditlims  sent  out  from  II,  il.  K.  il*  rtiJtl  and  PUn'^r.  The  rei»ort«  of  \hv^ 
putties  ^how  thot  (lend  water  px tends  for  aiwmt  IW^  nnles  fmni  tlie  mouth,  «ml 
tiiat  there  are  no  serious  rjii^ids  for  'M}  miles  farther  npstrcum.  There  Js  i 
iinHvi*  ^icrtjenienf  ucnr  the  heud  of  the  river  >vbi(  b  is  louuectetl  by  portage  irtiil 
wi{h  the  Kateel  Ulver,  a  tributary  of  tiie  Ki^yukuk, 

CLIMATE,'^ 

(iEOCiKAPlllC    LOCATION. 


The  climate  of  Seward  Peninsula  is  clearly  under  the  control  of 
its  outline  and  location.  Located  between  Kotzebue  Sound  of  tlu' 
Arctic  Ocean  and  Norton  Sound  of  Bering  Sea,  its  summer  and  Avin- 
ter  temperatures  are  nuich  less  extreme  than  those  characterizing 
the  other  portions  of  Alaska  under  the  same  parallels.  The  prox- 
imity of  these  two  water  bodies  also  supplies  more  moisture  to  the 
atmosphere  over  the  peninsula  than  is  found  farther  east.     The  hi^h 


"  Mendonliiill,  W.  C.  Prof,  rnpor  U.  S.  Geol.  Siirvoy  No 
il    ill    Killnh-iriiliuii    \\\\\\    rli'VflMtxl    AMn 


CLIMATE.  51 

latitude  of  the  region  makes  both  seas  almost  icebound  for  half  the 
year,  and  this  reduces  their  equalizing  influence  to  some  extent. 

OBSERVATIONS. 

Very  few  reliable  instrumental  observations  of  the  climatic  ele- 
ments have  been  made  on  Seward  Peninsula,  and  none  have  been 
carried  on  consecutively  during  a  considerable  number  of  years. 
Most  of  the  records  are  for  fragments  of  years,  or  even  of  months, 
and  the  only  ones  from  the  interior  (xf  the  region  have  been  made  by 
geologic  exploring  parties,  moving  camp  almost  daily .<» 

TEMPERATURE. 

As  already  stated,  the  temperature  conditions  of  Seward  Penin- 
sula are  less  severe  than  those  experienced  in  the  interior  of  Alaska, 
but  are  subject  to  greater  extremes  than  those  of  southern  Alaska. 
During  quiet  days  in  winter  the  temperature  has  fallen  to  about 
— 50°  F.,  but  residents  do  not  consider  the  usual  extreme  winter  tem- 
perature of  about  — 40°  F.  dangerous  except  when  accompanied  by 
high  winds  from  the  northeast.  The  lowest  temperatures  occur 
during  January  and  February,  and  so  far  have  been  reported 
from  points  near  the  coast.  It  is  probable  that  the  interior  of  the 
peninsula  is  subject  to  lower  winter  temperatures,  but  no  records 
are  known  to  have  been  kept  there  during  that  season.  It  is  remark- 
able that  the  coldest  months  are  subject  to  sudden  thaws  and  warm 
rains  which  open  all  the  streams  and  flood  them.  Such  winter  thaws 
have  also  been  accompanied  by  open  water  in  Norton  Sound.  The 
summer  temperatures  rarely  rise  above  80°  F.  On  one  occa- 
sion only  has  there  been  recorded  a  temperature  as  high  as  84°  F., 
and  that  was  in  August,  1900,  at  a  point  on  Fish  River.  Probably 
the  maximum  temperature  is  below  80°  over  most  of  the  penin- 
sula. In  1903  the  highest  temperatures  experienced  over  the  north- 
eastern portion  of  the  peninsula  were  69°  in  July,  66°  in  August, 
and  62°  in  September;  the  most  common  temperatures  lay  betweert 
45°  and  60°,  with  extremes  of  10°  in  September  and  69°  in  July. 

The  daily  minimum  temperatures  are  32°  or  lower  from  about  the 
first  week  in  September  until  about  the  middle  of  May.  The  first 
fall  frosts  occur  about  the  middle  of  September,  and  the  last  frost  in 
spring  toward  the  middle  of  June. 

The  sea  temperature  of  Port  Clarence  has  been  found  to  average 
38.9°  F.  in  September,  and  the  waters  of  Kotzebue  Sound  averaged 
from  50.9°  in  August  to  38.3°  in  October.     Both  bodies  of  water  thus 

•  See  Collier,  A.  .!.,  ReconnalsBances  In  Cape  Nome  and  Norton  Bay  regions,  Alaska, 
In  1900,  a  special  publication  of  the  U.  S.  Geol.  Survey,  1901 :  Prof.  Paper  U.  S.  Geo!. 
Snrvey  No.  2,  1002.  Mendenhall,  W.  C  Prof.  Paper  U.  S.  Geol.  Survey  No.  10,  1902. 
Moffit,  F.  H.,  Bull.  U.  8.  Geol.  Survey  No.  247,  1905. 
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I'Hii^*  Utwvv  tlmn  Nc>rt(iii  Soiiml  at  St*  Mit*luipl,  whcro  jui  sivc'ra|:e 
it»rij|K»nitiuv  uf  50°  in  July  and  An^n.^t  iun}  li)Jj^  in  SeptL*niLMjr  liii^ 


lIlECiriTATlON. 


The  actual  rain  and  snow^  fall  of  tin*  peninsula  i^  probably  t^niall* 
The  fiearpst  Btiitiou  with  a  good  RU'ord  is  St.  Michael,  where  the 
annual  fall  amounts  to  aljout  18  inches.  Comparison  of  the  reconk 
(here  with  fnignit^ntary  records  from  the  peninsuhi  indiratas  an 
annual  fall  of  alnnit  ^20  inches  of  water  over  its  southern  portion  and 
of  perhaps  i^5  incites  of  water  over  the  northern  port  i  mi  -  So  far  as 
experience  and  oljservation  go,  the  greater  portion  of  this  wati?r  fullji 
as  rain  during  the  months  from  June  to  OctolK?r.  During  the  winter 
months  an  actually  small  depih  of  snow,  perhaps  ;i  feet,  falls,  but  it 
is  so  badly  drifted  by  the  frequent  severe  northeastern  gales  of  this 
season  that  it  has  proved  impossible  to  obtain  accurate  measurements  M 
of  the  amotmt*  There  are  no  known  measurements  of  the  wat(T  ■ 
equivalent  of  the  winter  snowfull  of  the  peninsula ;  it  may  be  esti- 
mated at  3  inches,  allowing  something  less  than  0.1  inch  water  perM 
incli  of  snow.  The  snowfall  is  reported  sufficient  to  permit  sled  din  if 
throtighout  the  winter,  and  the  heavy  drifts  which  form  anniially  iu 
\*al1eys  and  on  hill  slopes  remain  far  i;jto  the  summer  or  even  until 
the  succeeding  winter.  ^ 

With  so  Muidl  an  annual  supply  of  rain  water  it  is  fortunate  for  the 
miner  that  the  snowdrifts  thus  preserve  the  scanty  winter  fall  until 
the  season  when  he  can  use  it  to  the  best  advantage — the  summer. 
The  spring  thaw,  however,  Avith  its  attendant  May  freshet,  due  to 
melting  drifts,  is  often  followed  by  a  six  weeks'  drought,  since  tho 
rainy  season  does  not  begin  until  July.  This  rainy  season  is  usually 
characterized  by  frequent  showers  rather  than  continued  rains. 
Another  factor  Avhich  saves  the  rainfall  for  the  miner  is  the  perennially 
frozen  condition  of  the  gravels  and  bed  rock  throughout  most  of  the 
peninsula.  This  circumstance  gives  a  maximum  surface  run-off  and 
a  minimum  loss  of  ground  water,  so  that  while  the  frozen  gravels  are 
difficult  to  work,  yet  the  resources  for  their  ex]:)loitation  are  for  tho 
same  reason  greater  than  they  Avould  be  if  the  temperature  were 
uniformly  higher.  The  frozen  ground  extends  to  an  unknown  depth 
and  embraces  both  gravels  and  fissured  country  rock.  Large  bodies 
of  gravel  deposits,  however,  have  been  found  always  free  from  ice. 
It  seems  probable  that  these  unfrozen  gravels  rest  upon  a  more  porous 
bed  rock  that  permits  the  ground  water  to  drain  away  more  rapidly 
than  is  possible  in  the  surrounding  frozc^n  r(\irions. 

The  I'iiin  whirh  falU  dnrin^r  the  snnnncr  is  ranitllv  soaked  U!>  h 
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summer  and  winter,  so  that  the  soil  remains  frozen  to  the  very  surface 
as  long  as  covered.  The  absorbed  rain  water  flows  into  the  streams 
at  a  fairly  uniform  and  constant  rate,  because  of  the  cover,  and  thus 
the  streams  are  less  variable  than  they  would  be  if  vegetation  were 
absent  from  the  frozen  soil. 

STORMS. 

The  peninsula  is  subject  to  frequent  severe  north-northeast  gales 
during  the  winter,  in  which  the  dry  snow  is  blown  along  in  blinding 
clouds  and  heaped  into  drifts.  Such  storms  often  continue  for  three 
or  four  days  and  are  usually  accompanied  by  only  small  quantities 
of  fresh  snow  and  temperatures  between  —  30°  and — 40°.  They 
seem  to  occur  with  some  regularity  at  intervals  of  about  a  week  from 
December  to  April,  and  occasionally  in  the  other  months.  Records 
from  the  Teller  reindeer  station  indicate  that  high  winds  are  some- 
times accompanied  by  very  moderate  temperatures.  Although  most 
of  the  storm  winds  are  from  the  northeast  to  north,  in  Septeml>er 
and  March,  there  are  occasionally  severe  storms  from  the  south  and 
southeast,  bringing  highel*  temperatures,  and,  during  September, 
heavy  rains.  Such  storms  are  found  to  lower  the  level  of  Norton 
Sound,  and  their  winds  are  heavy  with  moisture  and  produce  raw, 
uncomfortable  weather. 

RIVER  AND  HARBOR  ICE. 

All  the  streams  of  the  peninsula  freeze  across  in  winter,  and  the 
smaller  streams  frequently  freeze  to  the  bottom.  They  close  about 
the  end  of  September  in  the  vicinity  of  Fish  River,  and  open  about 
the  middle  of  May.  When  a  stream  is  not  frozen  to  the  bottom,  the 
running  water  often  breaks  through  its  ice  arch  and  flows  out  over  the 
surface,  where  it  soon  freezes.  Such  winter  overflows  sometimes  com- 
pletely floor  the  valley  with  successive  ice  sheets.  These  ice  sheets 
are  locally  known  as  "glaciers"  and  are  quite  distinct  in  character 
and  origin  from  the  lenticular  masses  of  ground  ice,  or  crysto- 
sphenes,  due  to  the  freezing  qf  ground  water,  which  are  also  collo- 
quially known  as  "glaciers." 

Bering  Strait  is  rarely  closed  by  an  ice  bridge,  but  Bering  Sea  is 
often  frozen  to  a  distance  of  5  or  6  miles  from  land,  and  Arctic 
floe  ice  may  reach  as  far  south  as  the  Pribilof  Islands,  which  lie  in  the 
latitude  of  Newfoundland.  The  ice  of  Bering  Sea  Ijegins  to  retreat 
northward  early  in  the  spring.  St.  Lawrence  Island  has  become 
accessible  as  early  as  April  22.  St.  Michael  Harbor,  on  Norton  Sound, 
which  closes  early  in  November,  usually  is  not  open  until  June  10  to 
15,  or  a  little  later,  and  Nome  seems  to  be  open  about  the  same  date. 
The  shallower  waters  of  Port  Clarence  keep  Teller  imprisoned  for 
some  time  longer,  as  is  also  the  case  in  Kotzebue  Sound.     Point 
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Hope^  on  th^  Arctic  coaBt,  is  not  clear  of  ice  before  July  1,  or  even 
August  1   in  ex<4*ptional  yem*H^  and  is  again  icebonnci  by  Novem* 
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A  description  of  the  vegetation  of  the  peninsula  has  already  been 
given  by  thf^  writer  in  i\  prf^vinus  rejwrt,'*  hence  only  a  brief  stuU^- 
jnent  will  lu*  wm^vioA  \um\  Tn  general,  the  vegetation  is  stunted  ami 
dwnrfed,  a  condition  to  1k»  expected  in  a  sul>aj*ctic  climate.  Ai^ 
Hht»wn  by  tlii'  sketdi  map  (iig.  5),  the  greater  part  of  tlie  nrea  is  occu- 
pied  by  tnndrii  and  timl>erleas  nplands;  but  in  proceeding  from  ensi 
to  west  the  country  tiecomes  progressively  more  barren  and  desolate. 
In  the  eastern  part,  more  especially  in  the  region  north  of  \ortoii 
Sound,  there  is  a  scattering  growth  of  small  sprnce  timber  contined 
to  the  river  valleys  and  valley  slopas,  the  higher  hills  being  alwyy 
timlx^r  line^  The  lnr£^*st  trees  are  not  over  If*  inches  in  diameter 
and  TjO  feet  higli.  Lumlier  for  the  first  sluice  boxes  nsed  in  the 
peninsula  was  whipsawed  from  this  timber,  and  a  small  steam  saw- 
milt  at  Coimcil  is  still  able  to  compete  in  the  local  market  with  the 
product  of  *nitsrde  mills.  The  majority  of  the  buildings  at  Council 
are  log  house^s,  to  which  ase  the  spruce  trees  are  well  adapted. 
Many  of  tlie  tnn^s  are  of  suitable  size  for  tie  timber  and  will  doubt- 
less be  used  in  railroad  building.  The  western  limit  of  the  spruce 
is  approximately  represented  by  a  line  extending  from  Golofnin  Bay, 
northwestward  of  the  headwaters  of  Niukluk  River,  and  thence  north- 
eastward to  the  east  end  of  Kotzebue  Sound,  as  shown  in  fig.  T). 
Along  the  streams  west  and  north  of  this  line  cottonwoods,  willows, 
and  ^  "f  alders  grow  in  sufficient  quantity  to  aiTord  a  scanty 
I.  i.oi  u  fuel,  which,  though  it  is  of  rather  poor  quality,  is  used  for 
cani])ing  purpos^^s  and  for  thawing  frozen  ground,  and  has  made 
possible  the  exploration  of  the  region  and  the  development  of  the 
l^lacers.  Of  these  trees  the  willows  are  most  widely  distributed,  as 
they  occur  over  nearly  the  whole  peninsula.  The  cottonwoods  are  of 
larger  size,  but  are  confined  to  a  few  localities,  reaching  as  far  west 
as  Kruzgamepa  Kiv^er.  The  alders  form  numerous  tangled  thickets 
on  the  valley  slopes  and  hillsides  as  far  west  as  Sinnk  River.  In 
favorable  localities  the  larger  willows  attain  a  thickness  of  (>  inches 
and  a  height  of  20  feet,  but  most  of  them  are  snuiller,  a  largo 
proportion  being  less  than  2  inches  in  diameter  and  5  feet  in  height. 

Along  creek  and  river  bottoms  and  valley  slopes  grass  is  abundant 
and  is  suital)le  for  pack  animals,  but  most  horses  used  for  heavy  team- 
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1^00  the  writer  collected  for  identification  specimens  of  six  species  of 
grass  suitable  for  forage,  but  the  collection  was  incomplete,  and  it  is 
probable  that  as  many  as  a  dozen  different  grasses  are  represented  in 
this  region.  Here  and  there  are  natural  meadows  where  hay  could  be 
harvested  in  considerable  quantity,  but  owing  to  the  short  season  it 
does  not  mature  properly  and  has  not  the  strength  of  hay  grown  in 
the  States,  and  as  it  is  almost  impossible  to  cure  it,  on  account  of  rainy 
weather  in  haying  time,  it  has  not  been  used  to  any  considerable 
extent. 

The  most  common  plants  are  mosses  and  lichens,  which  are  present 
everywhere.     On  the  lowland  plains  and  portions  of  the  upland  where 
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Fig.  5. — Map  showinsr  distribution  of  vegetation  In  Seward  Peninsula. 

drainage  is  imperfect  a  thick  mat  of  vegetation,  composed  of  mosses, 
lichens,  sedges,  dwarf  birches,  and  some  grass,  overlying  peat  beds, 
covers  the  surface  and  forms  the  tundra.  The  underlying  soil  is 
perpetually  frozen,  as  the  mat  of  vegetation  and  peat  protects  it  from 
changes  of  temperature,  but  during  the  open  season  the  tundra  is  diffi- 
cult to  traverse  on  account  of  its  soft,  swampy  surface.  Good  road- 
beds for  wagons  can  not  be  built  across  the  timdra  for  less  than  $2,000 
per  mile.  The  larger  tundra  areas  are  shown  on  the  sketch  map  (fig. 
5).  Over  the  greater  part  of  the  upland,  especially  along  the  ridges, 
the  vegetable  mat  is  comparatively  thin,  travel  is  easier,  and  fair  road- 
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liecitt  mn  bo  cofistnicted  at  slight  expense.  The  peat  fmmd  on  the 
tiiiulra,  111  though  it  is  usually  n<it  very  pure,  might,  by  some  briquet- 
ting  procest^i,  1m?  made  into  valinible  fuel,  but  up  to  the  present  time  it 
has  rec'i^ived  Jittle  attention.  Reindeer  mosB  is  distributed  over  the 
whole  region  as  an  important  constituent  of  the  vegetable  mat,  mak- 
ing possible  the  maintenanro  of  large  deer  herds.  The  numlH*r  of 
domestic  deer  in  the  three  herds  kept  on  the  peninsula  m  1&04  was 
estin»ate<l  at  3,4*^5.'' 

Two  species  of  edible  berries,  the  marsh  Ijhielierry  and  the  ''  salmon 
^K^rry/'  are  fairly  abundant  over  the  whole  peninsula,  and  often  form 
a  welcome  adtlition  to  the  prospectors*  fai'c.  Mushrooms,  some  of 
which  are  edible,  aiT  seen  occasionally,  but,  so  far  as  the  writer  know??, 
ihey  are  never  plentiful  and  have  not  been  used  as  food  by  prospectors 
and  miners.  There  are  also  a  few  herbs  which  are  sometimes  used  as 
f<Hid  or  medicine  by  the  natives.  With  tlu*se  t^xceptions,  there  are  no 
native  food  plants  in  the  region,  but  near  the  mining  camps  some  of 
the  hardier  vegetal^les,  such  as  lettuce,  radishes,  and  turnij^,  have 
been  successfully  raised  in  small  gardens. 
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In  nearly  all  the  larger  streams  fish  are  comparatively  abundant 
and  can  be  caught  during  the  summer.     Salmon  in  great  numlwrs 

run  uj>  tlie  Inr^rej-  livecs  and  die  after  spawning,  [njlhiling  the  watiT 
with  their  decaying  carcasses.  Grayling  and  trout  can  be  caught  with 
a  line  in  nearly  all  the  larger  streams  through  the  open  season,  and 
|)ike  and  whitefish  are  caught  with  gill  nets  on  some  of  the  larger 
rivei-s.  In  the  watei*s  along  the  coast,  also,  fish  are  fairly  abundant. 
During  certain  seasons  schools  of  smelt  sometimes  swim  in  the  surf 
and  wash  up  on  the  beach,  \vhere  they  can  easily  be  caught  in  the 
hands.  The  natives  have  depended  for  food  in  winter  on  a  fish  called 
tomcod,  which  they  catch  in  nets  and  dry  during  the  open  season,  or 
later  catch  through  holes  in  the  ice. 

That  caril)ou  were  formerly  abundant  is  indicated  by  many  antlers 
scattered  over  the  country  and  by  large  piles  of  bones  found  near 
some  of  the  deserted  villages  of  the  interior.  The  wild  caribou  now, 
however,  is  practically  extinct,  though  a  few  of  them  are  to  be  seen  in 
tlie  northern  part.  As  noted  above,  three  large  herds  of  domestic 
(•aril)()n,  or  reindeer,  under  (government  supervision,  are  maintained 
on  the  peninsula. 

Around  the  coasts  polar  bear  are  occasionally  killed  in  winter,  and 
brown  and  black  bears  are  occasionally  reported. 
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hill  cranes,  and  swans  abound  along  the  rivers  and  lakes,  more  espe- 
cially in  the  northern  part  of  the  peninsula,  but  they  are  not  usually 
killed  by  prospectors  unless  a  special  hunt  is  made  for  them,  as  the 
regions  frequented  by  them  are  apt  to  be  remote  from  the  placer- 
mining  districts. 

COMMERCIAL  FEATURES. 

The  lines  of  industrial  advancement  and  settlement  in  the  peninsula 
have  been  less  influenced  by  its  physical  advantages  or  disadvantages 
for  such  movements  than  by  the  distribution  of  the  gold  placers.  Set- 
tlements and  precincts  «  have  been  established  with  little  regard  to  the 
geographic  conditions  which  in  other  fields  would  determine  their 
location.  Indeed,  except  for  its  mineral  resources,  Seward  Peninsula 
would  certainly  not  for  many  decades  and  probably  never  have  sup- 
ported its  present  population.  From  an  industrial  standpoint,  there- 
fore, the  distribution  of  mineral  resources  is  more  important  than  the 
geographic  features. 

For  administrative  purposes  the  peninsula  is  divided  by  arbitrary 
boundaries  into  a  number  of  precincts  or  districts  which  have  been 
created  and  modified  to  conform  with  the  progress  of  settlement  and 
development  of  mining.  Their  boundaries  are  subject  to  change  at 
the  discretion  of  the  United  States  court,  located  at  Nome,  and  al- 
though some  of  them  have  remained  unchanged  for  several  years  they 
can  not  be  regarded  as  permanent.  In  June,  1903,  there  were  eight 
of  these  precincts,  and  since  that  time  a  number  of  minor  changes 
have  been  made,  though  the  general  location  of  the  precincts  remains 
the  .same.  These  frequent  changes  in  local  boundaries  are  indices  of 
the  industrial  progress,  as  they  are  made  to  meet  the  convenience  and 
immediate  needs  of  miners  and  prospectors.  The  precincts,  as  they 
existed  in  June,  1903,  are  shown  in  the  sketch  map  (fig.  2,  p.  42),  and 
the  descriptions  of  placers  given  on  later  pages  are  grouped  according 
to  these  boundaries. 

The  local  government  of  each  precinct  is  administered  by  a  commis- 
sioner, who  is  appointed  by  the  United  States  district  court  at  Nome 
and  who  is  also  the  recorder  of  mining  claims.  These  seats  of  local 
government  are  in  general  located  at  the  more  important  settlements 
and  distributing  points  of  the  mining  districts. 

The  principal  settlement  and  largest  town  in  the  peninsula  is  Nome, 
situated  on  the  southern  coast  several  miles  west  of  Cape  Nome.  It 
has  a  population  of  about  3,000  in  winter  and  5,000  to  6,000  in  sum- 
mer.   Although  Nome  has  been  in  existence  only  about  seven  years, 

•  Tbe  limits  of  the  precinct,  the  administrative  and  judicial  unit  In  Alaska,  are  deter- 
mined bj  the  district  JudRP«.  A  precinct  may  bo  compared  with  a  county,  though  the 
absence  of  all  self-government  in  the  Territory  makes  the  similarity  only  a  very  general 
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it  has  many  of  the  conveniences  of  a  city,  ^ndi  ft.s  planked  streets,  a 
water-supply  system,  telephone  lines^  and  banks.  Though  there  is  no 
harljor,  ne-iirly  all  supplies  and  passei^ers  for  the  peninsula  am' 
Innded  at  Nome.  DnriMir  tht*  heavy  weather  in  the  late  ^nmmer  and 
fall  all  communication  between  the  yhore  and  the  s=hips  in  the  road- 
stead is  oft-en  cut  off  for  several  days  at  a  time,  ^o  permanent 
wharves  or  other  t-onveniences  for  landing  can  1k^  maintained  on  ac^ 
rount  of  the  heavy  shore  ice  in  winter  and  the  moving  ice  Hoes  in  the 
spring,  and  all  supplies  and  passengers  are  landed  on  tlie  beaeh 
MiroN^h  the  surf.  (See  PL  I,  A.)  The  Seward  Peninsula  lijulwuy 
leads  inland  from  Nome  to  the  important  mining  distriet  that  eenterji 
nt  Anvil  Creek,  where  the  first  discoveries  of  gold  were  made,  and  W 
Lanes  Landing,  in  tliL*  Ivongarok  district.  Xome  is  also  thr*  starting 
point  for  many  overland  trails  and  roads  to  other  mining  camps  far- 
ther inland. 

To  the  east  along  the  shore  there  are  several  smaller  towns  simila; 
to  Nome  in  their  sitnatifm  on  the  open  coast  which  have  aspired  h 
be  its  rivals*  Dickson,  30  miles  east  of  Nome,  at  the  month  of  Sokj- 
inon  River,  is  the  starting  point  of  i:he  Council  City  and  Solomon  Rivei 
Railway,  which  extends  into  the  Ca;^depaga  ValleY,  as  well  as  tin 
center  of  a  mining  district  of  some  importance.  Bluff,  a  village  and 
post-office  stiver  a  1  miles  farther  east,  is  the  distributing  point  for  a 
district  that  has  been  producing  gold  in  large  quantities  since  1900. 
Council,  the  second  town  in  importance  of  the  peninsula,  is  the 
central  point  of  the  Council  precinct  and  lies  about  25  miles  from  the 
coast,  on  Niukluk  River.  In  production  of  placer  gold  this  precinct 
almost  equals  the  Nome  precinct.  Supplies  for  the  Council  precinct 
are  landed  at  Chenik  (Golofnin  post-office),  a  small  village  on  Golof- 
nin  Bay.  They  are  then  taken  in  small  steamers  to  White  Mountain, 
on  Fish  River  near  the  head  of  Golofnin  Sound,  where  they  are  trans- 
ferred to  flat-bottomed  river  boats  that  are  towed  by  horses  up  Fish 
and  Niukluk  rivers  to  Council.  The  completion  of  the  raihva}^  from 
Dickson  as  originally  planned  will  give  more  direct  communication. 
Another  means  of  communication  would  be  by  building  a  branch  line 
to  Council  from  the  Seward  Peninsula  Raihvay  near  Iron  Creek. 

Teller,  located  on  Port  Clarence  at  the  entrance  to  Grantley  Har- 
bor, is  the  supply  point  for  the  Bluestone  and  Kougarok  mining 
regions  and  several  others  of  less  importance.  It  occupies  the  best 
town  site  in  the  peninsula,  as  the  ground  on  which  it  is  built  is  dry. 
and  the  harbor  and  landing  facilities  are  the  best.     The  deep  w^ater 
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The  supplies  for  the  mines  of  the  Kougarok  region  up  to  1900  were 
usually  sent  by  small  steamers  from  Teller  to  Igloo,  a  village  and 
post-office  50  miles  inland  at  the  head  of  steamboat  navigation  on 
Kuzitrin  River,  where  they  were  transferred  to  flat-bottomed  river 
boats  that  were  towed  up  Kuzitrin  and  Kougarok  rivers.  Since  the 
completion  of  the  Seward  Peninsula  Railway  to  Lanes  Landing  more 
direct  communication  with  Nome  has  been  established.  The  mining 
•enters  are  beyond  the  reach  of  navigable  waters  and  the  railway,  and 
the  last  stages  of  the  journey  are  made  by  pack  train  or  wagon. 
•^uUivan,  the  center  for  the  Bluestone  region,  is  10  miles  southeast 
)f  Teller.  It  has  a  summer  population  of  about  50,  a  post-office, 
uid  several  roadhouses,  and  is  connected  with  Teller  and  a  land- 
ing at  the  mouth  of  Tisuk  Creek  by  a  regular  line  of  stages. 

The  York  region,  embracing  about  400  square  miles  in  the  western 
[extremity  of  the  peninsula,  has  not  been  productive  of  placer  gold, 
but  there  are  several  small  settlements  maintained  by  prospectors 
engaged  in  a  search  for  tin  ores.  These  are  supplied  by  small  coasters 
from  Nome.  York,  a  small  collection  of  cabins  and  tents  at  the 
mouth  of  Anikovik  River,  12  miles  east  of  Cape  Prince  of  Wales,  has 
been  in  existence  since  1899.  Tin  City,  established  in  1903,  is  a  camp 
at  the  southeast  base  of  Cape  Mountain,  10  miles  west  of  York  and 
al>out  4  miles  west  of  the  old  native  village  Palazruk.  At  Cape 
Prince  of  Wales  there  is  a  large  native  village  called  Kingegan, 
which  has  been  in  existence  since  prehistoric  times.  The  location 
has  been  a  favorable  one  for  sealing  and  whaling  operations;  and  as 
it  is  the  nearest  point  to  the  Siberian  coast,  the  Kingegan  natives 
have  controlled  the  trade  between  Siberia  and  Alaska.  The  village 
supports  a  population  of  about  500.  A  Congregational  mission  has 
been  maintained  here  for  ten  years  or  more,  and  a  Government  school 
was  established  in  1904.  There  is  also  a  store  and  post-office.  These 
natives  have  learned  something  of  the  ways  of  civilization.  Many  of 
them  own  herds  of  reindeer,  and  one  of  them  keeps  a  general-mer- 
chandise store  which  does  not  differ  greatly  from  similar  stores  kept 
by  white  men  at  Nome.  The  post-office  here  is  called  Wales.  The 
town  is  contiguous  to  the  tin  region  and  is  the  seat  of  the  commis- 
sioner's court  for  the  Wales  precinct  and  headquarters  for  a  number 
of  prospectors. 

On  Kotzebue  Soimd  there  are  two  thriving  towns,  Deering  and 
Kiwalik,  the  distributing  points  for  the  Inmachuk  and  Candle  Creek 
districts,  both  in  the  Fairhaven  precinct.  The  commissioner  for  the 
precinct  has  headquarters  at  Kiwalik.  Both  towns  are  supplied  from 
Nome  by  small  coasting  vessels. 

Seward  Peninsula  is  accessible  by  sea  only  during  the  months  from 
June  to  November.  For  the  remainder  of  the  year  navigation  is 
[closed,  and  the  only  communication  with  the  outside  world  is  by  the 
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Yukon  River  route,  involving  n  journey  over  tlu*  ice  by  dog  hmn 

to  Diiwson  for  upward  of  1,000  miles.    Mails  and  a  ftMv  pas**origers 
ft>lh>w  this  route.     The  cost  of  the  winter  jourriey  to  Nome  from 
Seattle  by  way  of  Skagway  and  Dawson  is  not  far  from  $1,000,  m(\ 
it  <tnliniirily  conHumes  nbnut  three  numths,     Telegi^apliic  comniuiii' 
cation  over  the  military  Hues,  partly  by  a  wireless  system,  has  been 
maintained    since    1004.      The    most- frequented    routes    of    travel 
bt*tween  points?  on  the  j^ejjinstdn  are  along  the  coasts  and  navipiblp 
riversj  and,  as  a  matter  of  course,  development  ha^  \wen  most  rsipul 
in  districts  thus  made  accessible.    All  the  yet  notable  mining  aiinp^ 
are  within  easy  i-each  of  such  navigable  waters.     AVagon  mads  and 
trails  lea 4 1  from  the  railways  and  from  the  coast  to  the  mining  di;^- 
tricts  of  the  interior,  but  these  are  diflicidt   for  summer  travel  oa 
^ccoimt  of  the  soft  road  l>eds,  and  freight  rates  are  almost  prnhihitivi\ 
Travel  over  the  snow  is  easier,  however,  and  supplies  may  l)e  sledded 
Jo  the  jnines  located  inland  more  cheaply  in  winter  than  in  snmmor. 
but  for  p<nnts  remote  from  the  coast  the  freight  rate  is  still  oftei) 
Um}  high  to  jx^rmit  successful  raining  operations,     Mr,  Brooks ''  mU- 
mated  that   in    \W^  the  cost   of  summer  overland   transport  a  tim 
ranged   from  $10  to  $lfi  per  ton  per  mile,  and  the  cost  of  water 
transportation  betw^etm  coastal  points  from  TO  cents  to  ^1.50  jx^r  ton 
pvv  mile,  including  the  embarking  and  disend)arking.    Though  thpK^ 
costs  have  been  somewhat  lowered,  yet  they  are  still  prohibitive  to 
mining  anything  but  high-grade  placers,  except  in  regions  close  to 
tide  Avater.     There  are  but  few  Avagon  roads  in  Seward  Peninsula, 
but  during  dry  Aveather  it  is  possible  to  haul  loads  oA^er  the  tundra 
and  along  the  watercourses.     Purington  ^*  has  estimated  that  $3,000  to 
$4,000  a  mile  is  the  cost  of  Avagon-road  construction.    TTe  belicA'cs  that 
narroAv-gage  railways  can  be  built  at  a  cost  of  $0,000  a  mile.     It  is 
piol)al)le  that  the  raihvays  Avill  be  preferred  for  long  hauls.     Several 
short  lines  are  already  in  operation,  and  experience  has  sboAvn  that 
iiarroA\'-gage  roads  Avith  light  equipment   can  be  nuiintained   at  no 
very  great  cost.     The  to])ogra])hic  maps  indicate  that  easy  grade< 
can  be  found  to  all  ])arts  of  the  ])eninsula. 


GENF.HAl.  GF.OT.OOV 


INTRODUCTION. 

Tlu'  geologic  surveys  in  this  iichl  have  all  been  of  a  reconnaissancv 
character,  more  especially  directed  toAvard  a  study  of  the  gold  placers. 
Such  reconnaissances  are  a  necessary  ]:)reliminary  to  detailed  surveys 
of  any  part  of  the  field,  because  the  results  obtained   from  critical 
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cxaininatioiis  of  small  areas  are  luisatisf actor y  without  a  general 
knowledge  of  the  problems  presented  by  the  whole  province.** 

AVhen  this  work  began  practically  nothing  was  known  of  the  geol- 
)gy  of  northwestern  Alaska,  and  hence  the  conservative  policy  was 
adopted  of  publishing  only  such  general  conclusions  as  were  de- 
manded to  elucidate  the  economic  problems.  In  the  present  treat- 
ment the  same  policy  will  be  adhered  to,  though  the  accumulation  of 
many  additional  data  will  make  it  possible  to  amplify  the  previous 
reports.  The  discovery  of  organic  remains  in  some  of  the  terranes 
has  given  a  key  to  the  stratigraphy  that  was  not  available  when  the 
earlier  reports  on  the  geology  were  prepared. 

The  surveys  of  1900  resulted  in  the  publication  of  two  preliminary 
geologic  maps  covering  the  southern  half  of  the  peninsula — one  of 
the  southwestern  part,  or  Nome  region,  by  Brooks,^  and  the  other  of 
the  southeastern  part,  or  Norton  Bay  region,  by  Mendenhall.'^  Men- 
denhall,  whose  journey  was  rather  of  the  nature  of  an  exploration, 
did  not  attempt  to  differentiate  the  various  groups  of  metamorphic 
sediments,  but  Brooks  recognized  three  terranes,  named  in  ascending 
order  the  "  Kigluaik  series,"  "  Kuzitrin  series,"  and  "  Nome  series.  "<* 

The  two  lower  terranes  are  described  by  Brooks  as  rather  well 
defined  stratigraphic  units,  while  a  great  complex  of  metamorphic 
rocks  which  overlie  them  was  thrown  together  as  a  cartographic  unit 
under  the  name  "  Nome  series,"  since  the  field  work  had  not  gone  far 
enough  to  indicate  any  logical  basis  of  subdivision. 

During  the  following  season  the  writer  extended  these  subdivisions 
to  the  rocks  of  the  northwestern  portion  of  the  peninsula,  where  he 
was  able  to  differentiate  within  the  Nome  a  massive  limestone  mem- 
ber containing  fossils  which  were  at  that  time  considered  to  be  of 
Ordovician  age.  This  member  was  called  the  Port  Clarence  lime- 
stone. During  the  same  season  fossils  referred  to  the  Silurian  were 
found  in  limestones  and  schists  that  more  nearly  resemble  the  rocks 
of  the  "  Nome  series  "  as  exposed  at  Nome,  and  the  rocks  containing 
them  were  called  the  "  Kugruk  group."  ^  The  "  Nome  series  "  in  the 
northern  portion  of  the  peninsula,  therefore,  was  regarded  as  com- 
prising a  lower  member,  called  the  Port  Clarence  limestone,  and  an 
upper  one,  called  the  "  Kugruk  group." 

In  the  course  of  the  investigations  in  1903  larger  collections  of 
fossils  were  made  at  a  number  of  new  localities,  both  in  the  northern 

•  In  the  summer  of  1905  Fred  H.  Molllt  and  Frank  L.  Hess  carried  on  detailed  geologic 
mapping  in  the  Nome  region ;  this  work  was  continued  by  Mr.  MofBt,  aided  by  Philip  S. 
Smith,  in  1006. 

^  Reconnaissances   in   the   Cape   Nome   and    Norton    Bay   regions,   Alaska,   in    1900,   a 
special  pabllcation  of  the  U.  S.  Oeol.  Survey,  1901,  ri.  III. 
•■  Idem,  Pi.  XXI. 
'  Idem,  p.  27. 

•  The  spelling  of  the  name  of  the  river  from  which  this  group  derives  its  designation 
has  since  the  previous  report  been  changed  by  the  United  States  Geographic  Board  to 
"  Kougarok,**  as  there  is  another  Kugruk  River  In  Seward  I*enlnsula. 
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nini  s*mtlu*rn  ymrXs  i»f  the  peninsula,  which  Uavt^  iiuule  i(  po^siHe 
lu  n^rfnisidor  tht^  dek^rniinatiuirs  imnle  in  11X)1,  Near  the  westeni 
extnnnity  of  the  peiiinsiilsi,  MiE3sis>sippiau  {'^  Ijower  CarbonifemHS**) 
fosHils  wert*  fomul  ia  siuno  nietaniorpliii-  HmeHlonos  aiid  t«*hi*^(s 
wlijrh  on  lithulo^ic  ^muiuls  had  previously  been  correhited  willi 
the  ''  Kigliiaik  series/!  All  the  fossils  from  the  "  Nome  series^'' 
howcAer,  iire  now  rt^nrnrJed  iig  Silurian  or  Ordn\ncian,  hut  (lie  differ- 
initiation  of  the  Sihirijin  from  tht*  Onlovician  homon>s  eiin  not  Iw' 
demoUKiratiHl,  as  same  formsi  heretofon*  regarded  as  Ordovioian  are 
aHsoi'iated  with  forniM  known  to  be  Silurian,  and  for  this  reat^m  tlie 
lime^^tones  of  the  •'  Kugruk  group  "  are  correlated  with  the  Port 
Clarenee. 

The  more  eriti^^al  examinations  which  have  l?een  made  of  a  Keetinn 
of  the  highly  altei-ed  rm'ks  between  Nome  and  the  KigUmik 
Mountain.s  have  demonstrated  that  there  ih  here  a  p-eat  series  at 
schists,  including  some  calcareous  beds,  overlain  by  an  almost  et]ually 
gi'eat  series  of  I>eds,  for  the  most  part  limestone,  which  may  he 
tentatively  correlated  with  the  Port  Clarence,  Home  what  similar 
conditions  exist  northwest  of  the  Kigluaik  Mountains,  where  n 
broad  bolt  of  schists  containing  sfune  calcareous  beds  intervenes 
between  the  mountains  and  the  known  area  of  Port  C'larence 
limestone. 

Ill  the  northeastern  part  of  the  peninsula  schists  of  slightly  ditFer- 
ent  charac^ter  from  those  near  Nome  overlie  the  Silurian  limestones 
of  the  "  Kugruk  group,"  now  correlated  with  the  Port  Clarence. 

The  "  Nome  series,"  as  mapped  by  Brooks  in  1900  and  by  the 
writer  in  1901,  nuiy  be  provisionally  regarded  as  comprising  (1)  a 
basal  fornuition,  composed  for  tlie  most  part  of  schists,  but  including 
some  limestones;  (2)  a  middle  formation,  composed  mainly  of 
massive  limestones  to  which  the  name  Port  Clarence  limestone  has 
been  applied;  and  ('^)  an  upper  formation,  c()m])()sed  mainly  of 
schists.  In  the  following  discussions  and  accompanying  nuips  this 
so-called  series  will  therefore  be  designated  the  Nome  group. 

In  general  it  can  be  said  of  the  metamorphic  rocks  of  8eward_ 
Peninsula  (1)  that  they  comprise  a  complex  mass  of  more  or  les^ 
altered  sediments,  intrusives,  and  erupt ives,  the  greater  part  o^ 
which  is  probal)ly  of  Paleozoic  age,  and  {"2)  that  Avith  some  modi- 
fication the  divisions  made  by  Brooks  in  the  southern  part  of  the 
peninsida  are  well  grounded  and  can  be  recognized  over  much  of 
the  adjoining  region. 

It  nnist  be  remembered,  however,  tiiat  this  subdivision  is  based 
largely  on  the  lithologic  charactei*  of  metamorphic  rocks.  The 
degree  of  liictnuiorphisni  changes  gi'eally   in   tlitiVreut   parts  of  the 
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material,  and  it  is  also  probably  true  that  some  lithologically  similar 
schists  may  be  due  as  much  to  peculiar  conditions  of  alteration  as  to 
original  texture. 

Here  and  there  in  the  northern  part  of  the  peninsula  there  is  evi- 
dence of  a  certain  amount  of  folding  before  the  schistosity  was  de- 
veloped, and  at  such  places  the  foliation  and  bedding  are  very  diver- 
gent. As  a  general  rule  throughout  the  peninsula,  however,  the  folia- 
tion and  bedding  seem  to  coincide;  but  inasmuch  as  this  condition 
would  result  if,  before  metamorphism,  the  beds  were  closely  folded 
and  overturned,  the  evidence  afforded  by  the  foliation  planes  must  be 
used  with  caution  in  interpreting  the  structure.  For  this  reason  the 
stratigraphic  succession  here  outlined,  where  not  supported  by  pale- 
ontologic  determinations,  must  for  the  present  be  regarded  as  pro- 
visional. 

Since  all  of  the  geologic  investigation  has  been  directed  primarily 
to  a  study  of  the  placer  deposits,  the  imconsolidated  Quaternary  ter- 
•ranes  containing  them  have  naturally  been  examined  in  the  most 
detail. 

The  rocks  of  the  Nome  group  also  have  been  examined  more  thor- 
oughly than  those  of  the  other  metamorphic  terranes,  first,  because 
they  are  more  widely  distributed,  and,  second,  because  most  of  the 
gold  placers  have  been  derived  from  them.  These  formations  are 
therefore  described  at  some  length  in  this  section,  and  many  specific 
details  regarding  them  are  given  in  the  descriptions  of  localities  pro- 
ducing placer  gold.  The  other  metamorphic  rocks,  on  the  contrary, 
have  been  examined  only  cursorily  at  a  few  localities,  and  their  de- 
scriptions are  necessarily  brief.  For  this  reason  the  general  geologic 
discussion  here  presented  may  seem  ill  balanced,  but  this  result  is  un- 
avoidable under  the  conditions  governing  the  investigation. 

DESCRIPTION  OF  GEOLOGIC  MAPS. 

The  distribution  of  the  sedimentary  and  metamorphic  formations 
and  of  the  igneous  rocks  of  various  types  is  shown  on  the  two  geologic 
reconnaissance  maps  {Pis.  X  and  XI,  in  pocket).  Nearly  all  the 
colored  areas  have  been  examined  by  United  States  geologists,  but  as 
this  examination  was  in  the  nature  of  a  reconnaissance,  the  interpreta- 
tion of  the  facts  obtained  as  well  as  the  boundaries  mapped  must  ba 
regarded  as  subject  to  revision  after  more  thorough  study.  A  more 
detailed  account  of  the  local  geology  of  certain  areas  will  be  found  in 
the  descriptions  of  the  placer  deposits. 

In  addition  to  the  metamorphic  rocks,  several  groups  of  igneous 
rocks  are  differentiated:  (1)  Unaltered  basalts  and  basaltic  lavas  in 
dikes,  necks,  and  surface  flows  are  of  abundant  occurrence  in  the 
northern  portion  of  the  peninsula.    Most  of  these  rocks  were  erupted 
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during  Pleistocene  time,  and  the  whole  group  is  believed  to  be  of 
comparatively  recent  origin:     (2)  Altered  basic  rocks,  here  termed 
greenstones,  in  stocks,  dikes,  and  sills,  are  widely  distributed  within 
the  areas  of  metamorphic  rocks  in  both  the  northern  and  southern 
parts  of  the  peninsula.    As  in  many  places  they  have  been  affected  by- 
the  same  influences  as  the  metamorphic  rocks,  they  are  believed  to  b^^^: 
nearly  as  old.     (3)  Acidic  igneous  rocks,  including  granites,  pegma  -^ 
tites,  and  granitic  porphyries,  have  their  greatest  development  in  tk  ^ 
Kigluaik,  Bendeleben,  and  Darby  mountains,  but  in  smaller  mass^^^^s 
appear  in  all  of  the  Paleozoic  formations  represented.    Some  of  the^^^^ 
rocks  were  intruded  previous  to  the  final  metamorphism  of  the  Ki^^. 
luaik  group  and  have  a  gneissoid  texture,  but  most  of  them  are  un^^  3). 
tered.    It  is  the  writer's  opinion  that  most  of  these  granites  were  L  :^i. 
truded  during  Mesozoic  or  early  Tertiary  time,  and  reasons  for  ttxii, 
belief  will  be  advanced.    If  this  is  true  the  granites  are  intermedit^te 
in  age  between  the  greenstones  and  the  basalts. 

The  boundaries  of  the  granite  areas  in  the  Bendeleben  and  Kli^: 
luaik  mountains  are  not  known  in  detail,  as  the  structure  of  these 
ranges  is  complex  and  few  sections  have  been  carefully  examined, 
but  the  general  type  of  the  intrusions  has  been  determined  and  their 
representation  on  the  map  is  diagrammatic.  The  correlation  of  the 
massive  limestones  and  larger  schist  areas  of  the  Nome  group  is  based 
on  lithologic  resemblance  and  stratigraphic  succession,  corroborated 
in  a  few  localities  by  paleontologic  evidence.  The  mapping  of  many 
of  the  Quaternary  areas  has  been  extended  beyond  tlie  limits  of  ac- 
tual observation,  on  evidence*  offered  bv  the  topographic  nia])^. 

The  stratigraphic  position  of  the  various  sedimentary  forinatioi  ^  ~ 
mapped  is  shown  in  the  accompanying  tabular  statement  : 
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Formation. 


Lithology. 


ry,       in- 
some  Pli- 


Eocene?        Kenai  formation? 


jrousT 


irous,  De- 
or  Silu- 


i  or  ssilu- 


Missis- 
sippian? 


Tundra  deposits;  peat,  capped  by  mat  of 
living  moss  and  other  vegetation. 

Alluvium  in  beds  and  flood  plains  of  exists 
ing  streams;  often  frozen. 

Glacial  moraines  and  extramorainic  bowl- 
der a>eds. 

Frozen  silts,  sands,  and  gravels  of  coastal 
and  interior  basin  plains. 

Silts,  sands,  gr&vels,  and  residual  deposits 
resting  on  high  benches  and  plateaus  o£ 
ancient  erosive  cycles. 

Unconformity. 

Conglomerates,  sandstones,  clays,  and 
coal. 


Unconformity. 


Massive  crystalline  limestones  interbedded 
with  black  phyllites  and  schists. 


Conformity? 


Dark-«olored,  usually  graphitic  slates  and 
phyllites,  in  many  places  cleaving  into 
pencil-shaped  fragments.  Including 
some  beds  of  earthy  limestone. 


(?) 


md  Ordo- 


Undlflerentiated 
schists. 


Port    Clarence 
limestone. 


I  Nome, 
I  group,  y 


Schists  of  the  Fairhaven  precinct.  Differ- 
entiated from  schists  of  the  Nome  pre- 
cinct by  stratigraphic  position  overlying 
Port  Clarence  limestone  and  by  smaller 
percentage  of  chlorite. 

(?) 


Massive  limestones  varying  from  unaltered 
more  or  less  earthy  limestones  in  the 
type  locality  to  crystalline  marbles  and 
calcareous  schists  in  more  metamor- 
phosed portions. 


;  Conformity? 


an  or  pre-  \ 


rtan? 


Various  schists  and  phyllites.  including 
quartz-chlorite  schist,  quartz-chlorite- 
albite  schist,  quartz-grapnite  schist,  cal- 
cite-muscovite  schist,  thin  limestones, 
etc.,  differentiated  from  Port  Clarence 
limestone  by  stratigraphic  position  and 
lithologic  character. 


Undifferentiated 
schists. 


Kuzitrin  forma- 
tion. 


Unconformity? 


Graphitic  quart zites  and  schists,  maxi- 
mum thiclmess  probably  less  than  2,000 
f«?et. 


rian? 


Kigluaik  group. 


Conformity. 


1 .  Biotite  schists  and  thin  limestone  bands. 

2.  Heavily  bedded  limestone. 

3.  Biotite  gneiss. 

These  are  cut  by  granite  in  dikes,  stocks, 
and  sills.  Total  thickness  over  4,000  feet . 
Differentiated  from  Nome  group  by 
stratigraphic  position  and  by  universal 
presence  of  biotite  in  the  schists. 
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METAMORPHIC  ROCKS. 

At  the  base  of  the  geologic  column  there  in  n  gi^onp  uf  highly  crys- 
talline i*Qcks  consisting  of  limt*fitone^*,  fichistK,  anil  gneisses,  which  were 
liesmbed  by  Brookn  iindor  the  name  "  Kighiaik  writes ■*'^  There  is 
reason  to  believe  that,  with  the  exception  of  some  of  the  gneisses  whott; 
origin  is  iji  doubt,  moBt  of  these  rocks  are  altered  sediments.  Thev 
differ  from  the  overlying  li^chists  and  limestones  mainly  in  the  degree 
and  character  of  the  ipetnmorphism  to  wliich  they  hiivc  been  ,subjecti^<l 
and  in  the  nature  of  the  resultant  minerals,  though  it  is  probably 
hImj  true  that  the  !>eds  were  rliRtlnct  in  their  onginul  rnnip<>5:itif>n- 
The  rock 8  of  this  group  have  Ix^en  recognized  rpiUy  iu  the  Kighiaik 
and  Btmdeleben  mountain  areas^  and  in  both  ranges  they  art*  so  inti- 
u lately  ri^stH'iati^d  with  intrusions  of  granites  in  ll»e  form  of  stocks, 
sills,  and  dikes,  that  it  has  been  impossible  to  differentiate  on  the 
geologic  map  the  igneous  from  the  sedimentary  i-ocks. 

The  Hme^tom^s  are  in  general  comparatively  ]>ur<*  antl  white  or 
bluish  in  colon  They  are  always  highly  ciyj^talline  and  are  in  many 
places  specked  with  graj^hite  in  disseminated  tabular  grains.  Tiw 
beds  range  in  thickness  fn>m  1  to  20  feet  or  more.  These  lime* 
stones,  although  very  j>roniinent  in  some  localities,  seem  to  comprise 
only  a  minor  part  of  the  group.  They  are  interbedded  with  schists  ^ 
and  in  the  few  places  wdiere  sections  have  been  examined  in  some  de- 
tail seem  to  occur  near  the  base  of  the  Kigluaik  group. 

The  schists  which  comprise  the  gi-eater  part  of  this  gi-oup  are  gen- 
erally dark  gray  in  color  and  consist  essentially  of  quartz  and  biotite, 
with  various  accessory  minerals  in  the  dift'erent  beds,  such  as  graphite, 
pyrite,  magnetite,  garnet,  staurolite,  hornblende,  augite,  orthoclasi\ 
plagioclase,  etc.  In  some  of  the  beds  quartz  predominates  to  such  an 
extent  as  to  make  the  rock  essentially  (piartzite,  while  in  others  plagio- 
clase and  orthoclase  feldspar  are  so  abundant  as  to  give  the  rock  a 
gneissoid  character.  Between  the  quartzose  and  gneissoid  phases 
there  seem  to  be  all  gradations.  (ira|)liite  and  pyrite  are  important 
accessories  in  many  of  tlie  nu)re  siliceous  beds,  giving  them  a  black 
color.  In  some  beds  graphite  occurs  to  the  exclusion  of  all  other 
minerals.  Though  graphitic  schists  occur  in  some  of  the  later  for- 
mations, as  will  he  shown,  no  l)e(ls  of  pure  graphite  comparable  to 
these  have  been  found  in  other  formations.  The  presence  of  these 
graphitic  members  and  of  the  limestones  already  described  is  re- 
garded as  conclusive  evidence  of  the  sedimentary  origin  of  the  greater 
]:)art  of  the  group.     It  is  |)rol)al)ly  true,  however,  that  some  at  least 
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of  the  gniesses  were  originally  igneous  and  represent  intrusive  sills 
or  possibly  extrusive  beds  of  acidic  rocks  which  have  been  recrystal- 
lized  under  the  same  influences  that  produced  the  metamorphism  of 
the  schists  and  limestones.  It  will  be  shown  that  many  of  the*-in- 
trusive  granite  masses  which  occur  in  the  Kigluaik  group  also  have 
gneissoid  phases  that  are  difficult  to  distinguish  from  the  older  me- 
tamorphosed rock,  though  it  is  believed  that  after  a  more  refined 
geologic  and  petrographic  examination  all  these  later  i^trusives  will 
be  differentiated. 

In  general  structure  the  Kigluaik  and  Bendeleben  mountains  are 
elliptical  dome-shaped  uplifts,  and  although  this  is  in  numerous 
places  complicated  and  obscured  by  intrusions  of  granite,  all  the  sec- 
tions across  these  ranges  thus  far  examined  indicate  anticlinal  con- 
ditions. In  a  section  across  the  Kigluaik  Mountains  along  Grand 
Central  River  and  a  pass  leading  northward  from  its  head  the  anti- 
clinal structure  of  the  range  is  most  evident.  Crystalline  limestones 
are  exposed  in  the  heart  of  the  range  and  are  apparently  overlain 
by  several  thousand  feet  of  nearly  black  quartz-biotite  schist  contain- 
ing sills  and  dikes  of  massive  granite.  The  upper  valley  of  Windy 
Creek,  which  lies  in  the  heart  of  the  mountains  and  west  of  this  pass, 
is  cut  for  several  miles  in  a  mass  of  granite  that  probably  represents 
a  great  intrusive  stock.  The  greater  part  of  this  granite  mass  is 
slightly  gneissoid,  but  it  is  cut  by  younger  dikes  which  have  a  grani- 
toid texture.  A  section  across  the  range  by  way  of  the  lower  part  of 
Windy  Creek  and  Cobblastone  River,  although  is  it  broken  by  a  great 
intrusion  of  granite,  also  shows  the  anticlinal  structure  with  a  similar 
stratigraphic  arrangement  of  massive  limestones  and  schists.  In  this 
exposure  the  cliffs,  which  are  not  less  than  1,000  feet  high,  are  com- 
posed of  limestone  interbedded  with  biotite  schist  and  gneiss.  At 
the  west  end  of  the  range  the  biotite  schists  dip  toward  the  west, 
indicating  a  dome-like  termination  of  the  mountain  uplift.  In  this 
region  the  crystalline  limestones  are  exposed  at  only  a  few  points  near 
the  heads  of  some  of  the  streams. 

Along  the  mountain  crests  the  many  jagged  outcrops  of  granite 
have  given  rise  to  the  local  name  Sawtooth  Mountains,  which  is 
descriptive  not  only  of  the  Kigluaik  but  also  of  the  Bendeleben 
Range.  The  prominence  of  these  granite  outcrops  is  due  to  their 
ability  to  resist  erosion,  and  though  the  granite  intrusives  probably 
form  considerably  less  than  half  the  mass  of  the  mountains,  on  hasty 
superficial  examination  they  often  seem  to  make  up  a  much  larger 
part. 

The  only  section  across  the  Bendeleben  Range  which  has  been  ex- 
amined by  the  writer  is  along  Parantulik  River  and  Ella  Creek, 
between  the  heads  of  which  there  is  a  low  pass.  The  structure  hero 
appears  to  be  anticlinal  and  the  prevailing  rocks  are  dark-colored 
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qiiiirtz-bioiil*;  fschistti  and  giieisHi>?s  Htnilwr  U>  ihom  nf  lht»  Kigluaik 
Range.  SJIIh  and  dikes  of  coary*?-graiiied  granite  or  i>cgiiiatite  sire 
als<i  pmsL^iit.  White  en  stalline  limestones  containing  st^iitlertnl  ^raiu- 
of  graplute  occur  iu  l>eds  i^O  feet  or  more  in  thickness  interbedded 
with  the  schiHtK,  along  Paranlnlik  River  from  a  point  near  its  head 
Ut  the  edge  of  the  Fish  River  UiwlantK  Mendeidiall,^  wlui  examined 
II  faction  across  this  iiinge  at  the  liead  of  Fish  River  in  ItlOO,  de- 
.H(Tibod  the  geologic  condition  as  fo)hnvs: 

Alwjut  tlio  lietul  of  Fi^ih  Kivf*r  tbt*  tLioiLiitaUi.';  an^  cbJell^*  grnuilli;,  but  aloof 
their  lliinka  and  sometJruos  extendiDK  tlmni^Mi  them  In  bt*lte  of  varying  breadlh, 
wliU'h  mark  tUr  pasat*s,  art>  ureas  of  Bi*hl8tij«3t*  s4*dlmrnU. 

Aliiiut  1  mjlt*  nhovi*  tbt*  tamp  of  Jiilj  2ih  aUiiijc  tlie  invek  befl,  1b  an  outcnip  of 
niHty  aial  very  ^jrapliitir*  hi  hist  assoc^ialed  with  mtin^  enlcareou^  [ihaf^t's.  Five 
laJles  farther  aluag  tht?  ri^ht  haiUt  i>f  tlii?^  smiie  bftiiK^h  <*f  Fish  Itivor  ij?  an  oat- 
I'nip  4 if  bufr  slutes  with  wry  lUUe  caU^ar^ius  matter*  whUt;  2  miles  further 
mirUiweHt>  Ui  a  ^nip  t»etwi.H'n  two  liraueht^a  ut  Fish  niver*>  Ihe  series  la  reprt^wt^ated 
by  n  white>  e^iarsc'ly  cryi^talliwe  marbK  This  warrcjw  belt  of  tbe  t-rj^s^talHae 
R*rle«,  between  two  i^reat  Intnis^ive  gvrmltie  nmswes,  expands  to  the  lujrtbwest 
and  forma  a  series  of  hlJlw  somew^hat  lower  than  the  ujore  reslstnni  Tna?4s**a  oa 
either  side,  seimratin*c  tbe  Fifth  Kiver  drainage  hatpin  from  a  low^  area  to  the 
north,  which  \^  probably  a  part  of  tlie  KuKitrin  ValJcw.  Kast  and  west  from 
the  ramp  of  July  2«>  these  sedUnents  upia^ar  as  i-eauiants  on  the  flanks  uf 
many  of  the  gpurs^  rutmlnir  from  the  hi^^h  niunntabis  out  toward  thu  Fish 
Uiver  b^inin.  Whether  or  not  th*^t*  oaten  ips  fta*m  a  rout  In  no uw  belt  we«t- 4 
ward  from  the  camp  of  Jaly  '2{\  eouJd  n<it  lie  deteriolned  during  the  tiasty  re^  H 
connaisaanoe,  but  ea.st^xard  they  stH*ni  to  exteiat  uuluterrupte*lly  to  the  broad 
belt  which  runs  northeastward  toward  the  basin  of  Tubutulili  River. 

From  this  description  it  is  inferred  that  the  geologic  conditions  here 
ai'e  not  different  from  those  in  other  j)arts  of  the  Bendeleben  Range 
excei)t  that  tlicre  are  few,  if  any,  intrusions  of  granite  exposed  in 
this  valley. 

AVhei-e  this  range  has  been  crossed  near  its  west  end  there  are  few 
good  exposures  of  bed  rock  in  place  The  surface  is  covered  with  tun — 
(Ira  vegetation  and  residuary  soil  tlu'ougii  which  some  masses  oS 
coarse-grained  granite  oi*  })egmatite  crop  out  in  the  form  of  i)in — 
nacles.  Fragments  of  biotite  schist  and  gneiss  are  found  in  the  sur — 
face  del)ris  and  theiv  ai'c  a  few  ex})osures  of  the  rock  in  phice,  bu*: 
not  enougii  to  determine  tlie  structure  of  the  wliole  range. 

There  is  no  direct  paleontologic  evidence  regarding  the  age  o^ 
these  rocks.  The  limestone  and  graphite  beds  mentioned,  which  ar^^ 
too  highly  metamorp]u)sed  to  retain  any  i-ecognizable  fossils,  are  th  ^ 
only  nuitei'ials  found  in  them  of  ]X)ssibly  organic  origin.  Thei  x' 
>tratigraphic  ivlation  to  the  rocks  of  tlie  Nome  group,  which,  ii^^ 
will  be  shown,  ai'e  in  part  Silurian,  indicates  that  they  are  either 
lower  in  the  Silurian  or  are  ])re-Sihirian.     The  ap])ai'ently  great  thick- 
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ness  of  schists  which  intervenes  between  the  known  Sihirian  beds  and 
the  rocks  of  this  series  seem  to  point  to  the  latter  conchision. 

KUZITRIN    FORMATION. 

Overlying  the  biotite  schists  and  gneisses  of  the  Kigluaik  group  in 
some  localities  is  what  seems  to  be  a  well-defined  formation,  whose 
type  rocks  are  graphitic  quartzites  or  quartz  schists  and  which  was 
described  by  Brooks  in  1900  under  the  name  "  Kuzitrin  series." 
These  rocks  have  not  been  reexamined  in  their  type  locality  since 
1901  and  the  following  description  is  quoted  from  the  report  of 
reconnaissances  in  1900 :« 

The  type  rock  of  this  series  is  a  weH-jointed  graphitic  quartz  schist,  hut  there 

are  many  variations  from  this  type.     Intercalated  strata  of  graphitic  slates  are 

not  uncommon,  and  the  schists  are  sometimes  very  (^alcareous,  approaching  an 

impure  Hmestone  in  composition.     The  calcareous  phases  are  more  particularly 

characteristic  of  the  top  of  the  series.     Ix)cally  the  Kuzitrin  roclis  contain  beds 

of  mica  and  chloritic  schist  whose  sedimentary  origin  it  is  not  always  possible  to 

prove.     In  many  localities  amphibole  schists  and  chloritic  schists  are  abundant 

In  the  Kuzitrin  series.     These  are  usually  intruded  parallel  to  the  bedding  plane 

and  are  often  difficult  to  differentiate  from  the  stnliment ;  they  will  be  discussed 

below  in  more  detail.     On  Kuzitrin  River  some  pegmatite  dikes  w^ere  found 

cutting  the  graphitic  schists. 

Though  these  rocks  are  usually  well  bedded,  in  some  localities  the  bedding 

planes  are  nearly  obliterated  by  a  secondary  development  of  schistositj-  and 

Jointing.     In  attempting  to  obtain  a  measure  of  their  thickness  several  diffi- 

calties  were  eQCOuntered.    The   intercalated  beds  of  graphitic   argillites   are 

often  intensely  crumpled  and  folded,  and  the  inclusion  of  such  crumpled  beds 

^Q     a  section  must  necessarily  introduce  a  large  element  of  error.     In  other 

^^^oalities,  again,  the  large  intrusion  of  greenstones  gives  rise  to  anotlier  source 

^^    error.     Moreover,  the  base  of  this  series  is  not  well  defined,  as  it  was  not 

^^vind  in  contact  with  the  underlying  limestone  except  in  the  York  region.     In 

^  i^^  of  the  above  facts  it  is  clear  that  an  estimate  of  thickness  can  be  regarded 

*^^*^ly  as  a  very  rough  approximation.     The  several  sections  studied  would  go  to 

sl^ow  that  the  Kuzitrin  beds  are  between  2,000  and  3,000  feet  thick. 

^he  Kuzitrin  series  is  typically  exposed  in  the  Kigluaik  Mountains,  near  their 

^^>^hern  limit,  where  it  occurs  in  a  belt  which  runs  parallel  to  the  axis  of  the 

'"'^'^tige  and  is  cut  by  the  northerly  tributaries  of  Kruzganiepa  River.     The  rocks 

*^^^!ke  about  east  and  west,  and  dip  with  great  regularity  to  the  south.     These 

^^^Kj-ks  are  again  found  on  the  upper  portion  of  Ophir  Creek,  where  they  strike  a 

'^^tJe  north  of  east  and  dip  to  the  south,  and  their  toiH)grapliic  relation  to  the 

*^^ndeleben  Mountains  is  similar  to  that  whicli  the  western  belt  bears  to  the 

*^igluaik  Mountains.    The  series  takes   its  name  from   Ivuzitriu   River,  along 

^'llofle  lower  course  it  is  well  expostnl.     Here  the  rocks  in  the  fresh  cuttings  of 

^^e  river  channel  show  well-marked  bcHlding  i)lanes.     Tlie  series  as  mapped  in 

^^is  part  of  the  area  includes  some  calcartH)us  schists  which  may  iK)ssibly  belong 

^^  tlie  overlying  Nome  series. 

From  this  description  it  will  l)c  seen  that  these  rocks  were  not 

clearly  differentiated  from  the  Kigluaik  cri'oup  on  the  on(»  hand  or 

■~^  •    »  _^^_ . 

'  Recommisaaiices   in   the   Cape   Noiu(>   and    Norfon    Ray    rp;;i()nK,    Alaska,    in    1000,   a 
•pecial  pubHcatloD  of  the  V.  S.  (Jool.  Survey.  11)01.  pij.  I'fi-LTi. 


(|iiartz4>iatitf  >>c'hi.sts  uiul  giiciys^pr?  i^imilnr  (o  tho*^^  of  tht>  Kiglunil 
Kaiig^.  SiUh  and  dikef^i  of  coarse-gniintnl  graiiiti^  ur  peginiititr  lire'' 
iilsu  prtiseiit*  White  crvstullint*  lirnesionus  containing  sesittortHl  gniiiis 
ijf  ij^T^tipliito  oceiir  in  l>^ds  tfO  fet^t  or  more  in  thickness  interl)e(klefl 
with  the  schistic,  alon^  Piirantnltk  Kiver  from  a  point  near  its  herid 
hi  (lie  ihI^'  of  tilt*  Fish  Kiver  luwland.  MendenhalL"  wlio  (.^xamiiHHl 
a  section  across  this  range  at  the  lu>ad  of  Finh  River  in  1900,  de- 
si.'rilwd  tht*  g^^oJogie  condition  nn  followt^: 

Abiint  tU(^  himtl  of  FUU  Ulvor  tlie  mmuitBln^  an^  L-tiiefly  granitk%  but  aloug- 
tbt?lr  Ihiiik)^  jiniJ  wmellnies  I'Sti'THlIrig  lln-iiugJi  them  In  belts  of  vaiyine  breftdtlu 
Hiik'h  iLiark  ttit>  pa^i^ii.  ur(^  unrni^  of  e^'UJ^Ioj^'  i$cMnini>tits. 

Al>t)ut  1  milt*  above  the  eaiaji  of  July  'JiK  alouu  tlie  t-reeb  bed,  Ib  an  outcrop  of 
ni8ty  nrnl  very  ^ni|»hltU'  srlilst  UisstHj'lated  wit  a  morci  eiilrjireoim  ijlia^es.  Five 
luilt'H  rnrlhor  aliuig  tlu>  rij^lit  baak  of  tijis  Kuuie  brtiurli  of  Fi«ti  lUver  is  an  imt- 
I -nil  I  of  l>ufT  sihiteK  wItK  very  nttk*  cak^are^jus  iijatt(*r,  whik>  2  laikfs  fartlier 
northwt^Bt;  in  n  ^ap  i>etwt»*^n  two  brain 'hi's^  of  Fish  lEivei*,  the  series  Is  n^presented 
by  a  white,  (?oars»*ly  cry sta  1 1 1  iit*  marliie.  This  narrow  la^lt  of  the  rrj'wtaliiai^ 
i*i."rles,  betw(*en  two  great  iiitruwive  gratiitie  ma^sst'W,  ex] Kinds  to  the  northwest 
and  foraifl  a  »i^riea  of  hU\»  aoraewhat  lower  than  the  niortj  i^ojsistaiit  luans^*!^  m 
eithr^r  aide,  separating  tla*  Fish  Hivt*r  drjiinagy  Imsin  from  a  low  area  to  tluij 
north*  wliich  is  pn^hnbly  a  part  of  the  Kuzitria  Valley,  East  and  we^i  froa 
the  I'll  tup  of  Jnly  2<>  tUeae  sediments  ai^peur  as  reamants  on  the  tSanlis  (»l 
many  of  the  spnrs  nmning  fruni  tho  lil^h  moiiutaias  out  towani  tlie  Fls 
River  baj^la.  Wbi*ther  nr  n<a  tii*-*se  ioitn'ops  form  a  ct»nttijnL*ni<  \>i*U  w*esfe 
ward  from  the  caaj[f  of  July  2i}  eon  id  not  be  deter  [iiinod  (luring  the  liajsty 
eonnatftsanee,  hut  eastwnnl  they  stn^m  to  extend  nnlnt^*^^npttHny  to  the  broad 
belt  which  runs  northeastward  toward  tlie  basin  of  Tubutulilv   River. 

From  this  description  it  is  inferred  that  the  geologic  conditions  here 
are  not  difi'erent  from  those  in  other  parts  of  the  Bendeleben  Range 
except  that  there  are  few,  if  any,  intrusions  of  granite  exposed  in 
tills  valley. 

AA'here  this  range  has  been  crossed  near  its  west  end  there  are  few 
good  exposures  of  l)e(l  I'ock  in  j)lace  The  surface  is  covered  with  tun- 
(h'a  vegetation  and  resiehiarv  soil  through  which  some  masses  of 
coarse-grained  granite  or  })egmatite  croj)  out  in  the  form  of  pin- 
nacles. Fragments  of  hiotite  schist  and  gneiss  are  found  in  the  sur- 
face debris  and  there  are  a  few  exposures  of  the  rock  in  ])lace,  but 
not  enougii  to  determine  the  structure  of  the  whole  range. 

Tiicre  is  no  direct  ])aleontologic  evidence  regarding  the  age  of 
these  rocks.  The  limestone  and  graphite  beds  mentioned,  which  are 
too  highly  metam()r]:)hosed  to  retain  any  recognizable  fossils,  are  tlie 
only  materials  found  in  tliem  of  ])ossibly  organic  origin.  Their 
stratigraphic  relation  to  the  rocks  of  the  Nome  group,  which,  as 
will  be  shown,  are  in  part  Silurian,  indicates  that  they  are  either 
h)wer  in  the  Silurian  or  are  pre-Sihirian.     The  ap])arently  great  thick- 
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ness  of  schists  which  intervenes  between  the  known  Sihirian  beds  and 
the  rocks  of  this  series  seem  to  point  to  the  latter  conclusion. 

KUZITRIN    FORMATION. 

Overlying  the  biotite  schists  and  gneisses  of  the  Kigluaik  group  in 
some  localities  is  what  seems  to  be  a  well-defined  formation,  whose 
type  rocks  are  graphitic  quartzites  or  quartz  schists  and  which  was 
described  by  Brooks  in  1900  under  the  name  "  Kuzitrin  series." 
These  rocks  have  not  been  reexamined  in  their  type  locality  since 
1901  and  the  following  description  is  quoted  from  the  report  of 
reconnaissances  in  1900  :** 

The  type  rock  of  this  series  is  a  well-jointed  graphitic  quartz  schist,  but  there 
are  many  yariations  from  this  type.  Intercalated  strata  of  graphitic  slates  are 
not  uncommon,  and  the  schists  are  sometimes  very  calcareous,  approaching  an 
impure  limestone  in  composition.  The  calcareous  phases  are  more  particularly 
characteristic  of  the  top  of  the  series.  Locally  the  Kuzitrin  rocks  contain  beds 
of  mica  and  chloritic  schist  whose  sedimentary  origin  it  is  not  always  possible  to 
prove.  In  many  localities  amphibole  schists  and  chloritic  schists  are  abundant 
hi  the  Kuzitrin  series.  These  are  usually  intruded  parallel  to  the  bedding  plane 
and  are  often  difficult  to  differentiate  from  the  sediment ;  they  will  be  discussed 
below  in  more  detail.  On  Kuzitrin  River  some  pegmatite  dikes  were  found 
cutting  the  graphitic  schists. 

Though  these  rocks  are  usually  well  bedded,  in  some  localities  the  bedding 
planes  are  nearly  obliterated  by  a  secondary  development  of  schistosity  and 
jointing.  In  attempting  to  obtain  a  measure  of  their  thickness  several  diffi- 
culties were  eQCOuntered.  The  intercalated  beds  of  graphitic  argillites  are 
often  intensely  crumpled  and  folded,  and  the  inclusion  of  such  crumpled  beds 
in  a  section  must  necessarily  introduce  a  large  element  of  error.  In  other 
localities,  again,  the  large  intrusion  of  greenstones  gives  rise  to  another  source 
of  error.  Moreover,  the  base  of  this  series  is  not  well  defined,  as  it  was  not 
found  in  contact  with  the  underlying  limestone  except  in  the  York  region.  In 
view  of  the  above  facts  it  is  clear  that  an  estimate  of  thickness  can  be  regarded 
only  as  a  very  rough  approximation.  The  several  sections  studied  would  go  to 
show  that  the  Kuzitrhi  beds  are  between  2,000  and  3,000  feet  thick. 

The  Kuzitrin  series  is  typically  exposed  in  the  Kigluaik  Mountains,  near  their 
northern  limit,  where  it  occurs  in  a  belt  which  runs  parallel  to  the  axis  of  the 
nmge  and  is  cut  by  the  northerly  tributaries  of  Kruzgamepa  Uiver.  The  rocks 
strike  about  east  and  west,  and  dip  with  great  regularity  to  the  south.  These 
rocks  are  again  found  on  the  upper  portion  of  Oplilr  Creek,  where  they  strike  a 
little  north  of  east  and  dip  to  the  south,  and  their  toixjgraphic  relation  to  the 
Bendeleben  Mountains  is  similar  to  that  which  the  western  belt  bears  to  the 
Kigluaik  Mountains.  The  stories  takes  its  name  from  Kuzitrin  Uiver,  along 
whose  lower  course  it  is  well  exposed.  Here  the  rocks  in  the  fresh  cuttings  of 
the  river  channel  show  well-marked  bedding  planes.  The  series  as  mappcnl  in 
this  part  of  the  area  includes  some  calcareous  schists  which  may  possibly  belong 
to  the  overlying  Nome  series. 

From  this  description  it  will  l)e  seen  that  these  rocks  were  not 
clearly  differentiated  from  the  Kigluaik  o^roup  on  the  one  hand  or 

•  RecoDDaissances  In  the  Cape  Nome  and  Norton  Bay  rejjions,  Alaska,  In  1000,  a 
special  pablication  of  the  U.  S.  (Jeol.  Survey,  1!)01,  pp.  i»S-2J). 
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from  the  Nome  group  on  the  other.     In  the  type  locality  along  Kuzi- 
trin  River  the  graphitic  quartzites  are  in  contact  with  the  biotit<? 
schists  and  gneisses  which  they  overlie.     They  form  a  belt  here  sev- 
eral miles  wide  in  which  the  rocks  seem  to  be  distinct  lithologically 
from  those  of  the  Nome  group.     South  of  the  Kigluaik  Mountains  at 
their  east  end,  also,  there  is  a  somewhat  similar  belt  of  graphitic 
quartzites  overlying  the  Kigluaik  schists,  though  here  the  boundan' 
between  them  and  the  schists  has  never  been  clearly  defined.    The 
continuation  of  this  belt  west  of  Grand  Central  River  has  not  yet 
been  recognized,  though  it  may  exist  there  as  an  undifferentiated 
member  of  the  Nome  group,  which  seems  to  rest  directly  on  the  Kig- 
luaik.    Outside  of  these  two  localities  this  formation  has  not  been 
positively  identified,  though  it  is  possible  that  it  occurs  in  the  Xome 
group  at  a  number  of  localities  where  it  can  not  now  be  differentiated. 
In  1900  Brooks  correlated  the  slates  of  the  York  region  with  this  for- 
mation on  lithologic  grounds,  and  in  1901  the  writer  extended  thij^ 
correlation  to  inchide  some  dark  siliceous  slates  or  schists  which  lie 
northwest  of  the  Kigluaik  Mountains  and  some  quartzites  in  the 
vicinity  of  Ear  ilountain.     There  are  also  some  dark  siliceous  schists 
near  the  head  of  Kougarok  River  which  resemble  these  and  may  ulti- 
mately be  correlated  with  them.     In  the  present  report  the  Kuzitrin 
will  be  regarded  as  a  formation  composed  for  the  most  part  of  gra- 
phitic quartzites  and  siliceous  schists,  which  overlies  the  biotite  schists 
and  gneisses  of  the  Kigluaik  group  and  underlies  the  schists  of  the 
Xome  group.     It  is  not  differentiated  on  the  geologic  map  from  the 
Nome  group.     The  absence  of  this  formation  in  the  contact  of  the 
Kigluaik  and  Nome  groups  at  some  points  is  regarded  as  an  indica- 
tion of  unconformity  in  the  metamorphic  series  at  the  base  of  the 
Nome.     The  slates  of  the  York  region,  which  were  formerly  correlated 
with  the  Kuzitrin,  will  Ix^  described  separately,  as  they  comprise  a  for- 
mation which  is  well  defined  locally  and  of  some  economic  im|)ortance5 
and  whose  correlation  with  the  Kuzitrin  can  not  be  established  beyona 
question. 

There  is  no  direct  evidence  regarding  the  age  of  the  Kuzitrin  for- 
mation. Like  the  Kigluaik  group,  it  underlies  a  great  thickness  of 
schists  which  are  in  part  Silurian.  The  formation  may  belong  near 
the  base  of  the  Ordovieian,  though  the  probabilities  would  seem  to 
place  it  either  in  the  Cambrian  or  Algonkian. 

NOMK    CROUP. 
OEKERAL  DESCRIPTION. 

Overlying  the  Kigluaik  and   Kuzitrin   is  a  complex   assemblage 
f  altered  sediments  and  intrusives,  which   was  first  descrilxnl  ^) 
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Brooks  under  tUe  name  "  Nome  series/' "  These  are  the  most  widely 
distributed  metamorphic  rocks  in  the  peninsula  and  are  also  of  the 
most  economic  importance,  as  they  contain  nearly  all  the  veins  from 
which  placer  gold  has  been  derived.  For  this  reason  they  have  been 
examined  more  closely  than  the  other  formations ;  but  owing  to  their 
complicated  structure  in  many  places  and  the  inadequate  field  work 
on  them  they  are  still  only  imperfectly  understood. 

These  rocks  are  here  described  as  the  Nome  group."  The  group 
is  not  regarded  as  a  stratigraphic  unit,  as  the  lithologic  constitution 
of  its  beds  is  heterogeneous,  and  on  the  map  some  portions  of  over- 
lying and  underlying  formations  that  are  elsewhere  differentiated 
may  be  and  probably,  are'  included.  The  general  conclusion  from  the 
observations  made  during  the  last  several  years  is  that  this  group 
of  metamorphic  rocks  may  be  roughly  divided  into  three  parts.  The 
lower  portion,  which  is  characteristically  exposed  near  Nome  and 
again  in  a  wide  belt  south  of  the  Kigluaik  Mountains,  consists  of  sev- 
eral thousand  feet  of  schists  of  various  types,  including  some  lime- 
stones in  beds  less  than  100  feet  thick.  These  schists  are  overlain 
by  massive  limestones  several  thousand  feet  thick,  wliich  over  a  large 
area  in  the  western  part  of  the  peninsula  are  comparatively  unaltered 
and  contain  fossils  of  Silurian  age.  Tliis  formation  has  been  called 
the  Port  Clarence  limestone.  The  limestones  are  themselves  over- 
lain in  the  northeastern  part  of  the  peninsula  by  schists  of  some- 
what different  type  from  those  forming  the  base  of  the  group. 

The  prevailing  rocks  of  the  basal  portion  of  this  group  are  schists 
consisting  essentially  of  quartz  and  chlorite,  with  albite,  muscovite, 
and  epidote  in  varying  amounts.  Locally  the  formation  contains 
beds  of  graphitic  mica  schist,  graphitic  quartzite,  limestone,  and  cal- 
careous schist,  as  well  as  intrusive  masses  of  greenstone  that  are  also 
more  or  less  schistose.  Among  the  many  thin  sections  examined, 
specimens  of  graphitic  chlorite  schist  and  feldspathic  calcite  schists 
are  not  uncommon.  Magnetite,  pyrite,  ilmenite,  leucoxene,  and  garnet 
occur  in  many  of  the  specimens.  The  elements  from  which  such 
metamorphic  rocks  are  formed  are  afforded  by  sedimentary  as  well 
as  igneous  rocks,  and  probably  the  group  includes  rocks  derived  from 
both  types. 

In  the  section  from  Nome  to  the  Kigluaik  Mountains  these  schists, 
which  here  contain  some  massive  limestone  beds  up  to  100  feet  or  more 
in  thickness,  extend  northward  from  the  coast  for  16  miles,  to  a 
point  where  they  dip  under  massive  limestones  that  are  interbedded 
with  thin  beds  of  schist  and  lie  in  a  synclinal  trough  extending  east 
and  west.    These  limestones  are  tentatively  correlated  with  the  Port 


•  Brooks,  A.  H.,  Reconnaissances  in  the  Ca\)e  Nome  and  Norton  Buy  regions,  Alaska, 
in  1900,  a  special  publication  of  the  U.  S.  i;eol.  Survey,  11)01,  pp.  29-31. 
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Clarence.  On  the  south  side  of  Stewart  River,  22  miles  from  the 
coast,  the  schists  reappear  and  are  continuously  exposed  to  the  base 
of  the  mountains.  In  the  southern  part  of  this  section  they  are 
faulted  at  so  many  places  that  no  estimate  of  their  thickness  is  possi- 
ble. North  of  Stewart  River,  however,  the  faults  are  not  so  numerous, 
and  the  prevailing  dips  seem  to  indicate  a  thickne&s  of  about  7,000 
feet.  Whether  the  beds  in  this  area  are  repeated  by  close  folding  or 
by  unobserved  faults  could  not  be  determined  in  the  rapid  recon- 
naissance. A  large  allowance  for  any  such  folding  or  faulting  would 
seem  to  indicate  that  the  minimum  thickness  possible  can  scarcely  be 
less  than  2,500  feet ;  the  probabilities  are  that  the  thickness  is  much 
greater. 

In  the  region  northwest  of  the  Kigluaik  Mountains  these  rocks  are 
less  altered  than  in  the  Nome  region.  They  here  contain  many  sills 
of  greenstone,  and  some  of  the  sedimentary  beds  are  but  little  altered 
clay  slates.  They  overlie  the  biotite  schists  of  the  Kigluaik  group 
and  appear  to  be  themselves  overlain  by  the  Port  Clarence  limestone. 
In  their  comparatively  unaltered  condition  they  apparently  repre- 
sent a  series  of  rocks  such  as  would  by  a  little  greater  metamorphism 
produce  the  schists  of  the  Nome  region. 

North  of  the  Kigluaik  and  Bendeleben  mountains  schists  similar 
to  those  of  the  Nome  region  occur  in  the  basins  of  American  and 
Kougarok  rivers,  where  they  were  mapped  in  1901  by  the  writer* 
who,  on  the  evidence  of  obscure  fossils  collected  from  associated  lime- 
stones, regarded  them  as  younger  than  the  Port  Clarence  formatior^ 
and  applied  the  name  "  Kiigruk  group  ■'  to  them.**  The  larger  collec- 
tions made  in  1901^,  however,  justify  the  correlation  of  the.se  lime- 
stones with  the  Port  Clarence  and  of  the  schists  which  underlie  then^ 
with  those  of  the  Nome  ])recinct. 

The  clay  slates  and  phyllites  of  the  York  region  apparently  under- 
lie the  Port  Clarence  limestone  and  may  represent  a  less-altered  por- 
tion of  the  same  body  of  sediments  that  produced  the  schists  of  the 
Nome   group.     The    rocks   were    provisionally   correlated   with  the 
Kuzitrin  ^  in  1000  and  11)01,  but  inasmuch  as  it  is  certainly  true  that 
they  are  lithologically  distinct  from  any  extensive  mass  of  rocks  rep- 
resented elsewhere  in  this  i)eninsula,  they  will  be  described  separately 
(pp.  7l)-80).     Although  these  i)hyllites  underlie  the  Port  Clarem^ 
limestone,  the  stratigraphic  relation  is  not  definitely  known,  as  there 
is  evidence  of  a  thrust  fault  along  the  contact.     This  fault,  which  wa> 
not  detected  in  11)01.  led  the  writer  to  infer  an  unconformitv  l)etween 


"(\>llier.  A.  J..  Rooonnalsstince  of  (he  nortliwestorn  portion  of  Seward  reninsuM- 
Alaska  :   Prof.   Taper  W  S.  (ieol.   Survey  No.  L'.   1J>0l',  pp.  21-24. 

'•  n rooks,  A.  II..  Ulchardson.  (J.  H.,  and  Collier,  A.  J.,  Reconniassances  in  the  Cai** 
Nome  and  Norton  Bay  rej^lons,  Alaska,  In  IDOU,  a  special  puhlieatloD  of  the  U.  S.  <J^'l* 
Survey,  1001,  pp.  28-29. 
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^lie  two  formations.''  Two  small  areas  of  phyllites  resembling  these 
<:X!Ciir  east  of  this  contact;  they  are  surrounded  by  Port  Clarence 
i  iniestone,  which  they  seem  to  underlie  conformably. 

In  the  east  end  of  the  Nome  precinct  and  in  the  Council  precinct 
tTie  schists  resemble  those  of  the  Nome  region  in  their  degree  of  meta- 
K~wiorphism.     They  are  extensively  developed  and  have  been  studied 
tLz>y  the  writer  along  Fox  River  and  the  eastern  tributaries  of  Solomon 
ti\'er.    A  wide  belt  of  such  rocks,  including  the  lower  drainage  of 
ilclorado  and  Bonanza  rivers,  extends  northeastward  across  the  head- 
caters  of  the  Casadepaga.     These  rocks  were  examined  near  the 
«Z3oast  by  Richardson  in  1900  ^  and  along  the  upper  Casadepaga  and 
— Kldorado  by  the  writer  in   1903.     Although   they   are  apparently 
identical  with  the  schist  of  the  Nome  region,  they  overlie  the  massive 
Himestone  correlated  with  the  Port  Clarence,  near  Solomon  River, 
sind  may  be  in  part  equivalent  to  the  schists  which  overlie  the  Port 
<Dlarence  limestone  in  the  northeastern  portion  of  the  peninsula,  de- 
sscribed  on  page  79.     It  seems  more  probable,  however,  that  they  are 
either  overthrust  on  the  Port  Clarence  limestone  or  that  the  correla- 
tion of  the  massive  limestone  with  the  Port  Clarence  is  at  fault. 

The  age  of  the  schists  at  the  base  of  the  Nome  group  is  probably 
Ordovician,  though  they  may  be  in  part  older,  for  there  is  no  direct 
paleontologic  evidence  regarding  it.  They  underlie  the  Port  Clar- 
ence limestone,  which  is  known  to  be  Silurian  or  Ordovician.  No 
definite  evidence  of  unconformity  between  the  formations  has 
been  discovered  and  they  are  therefore^  provisionally  regarded  as 
conformable. 

PORT  CLARENCE  LIMESTONE. 

The  massive  limestone  member  of  the  Nome  group  is  comparatively 

unaltered  over  a  large  area  north  of  Port  Clarence  and  was  described 

and  named  the  Port  Clarence  limestone  by  the  writer  after  his  visit 

to  that*  region  in  1901.'*     In  some  of  the  sections  examined,  unless 

there  are  faults  which  were  not  detected,  a  thickness  of  at  least  5,000 

feet   is  exposed.     In  this  vicinity  the  unaltered  li^nestones  form  a 

Continuous  outcrop  over  an  area  of  1,400  square  miles.     In  the  west 

^nd  of  this  area  they  are  cut  by  bosses  of  granite  and  dikes  of  rhyolite 

^X\d  other  acidic  rocks.     The  limestones  surrounding  these  intrusions 

^re  locally  marmorized  and  contain  many  contact  minerals,  among 

"^vhich  are  vesuvianite,  •woUastonito,  garnet,  and  tourmaline.     They 

^Iso   contain  veins  of  cassiterite,  zinnwaldite,   fluorite,   tourmaline. 


•  CoUler,  A.  J.,  Prof.  Paper  I'.  S.  (Jeol.  Survey  No.  2,  1002.  p.  is. 
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wolfrumiie,  and  <|uartz.    The  lbii«33^tones  become  progi-essdvely  more 

inetamorphost>d  iind  Iwjilly  roiitiiin  thin  Ih'cIs  of  gmphitle  and  otln^r 
st^hihts  toward  the  en^t*  hi  the  divide  betwt^n  American  and  Koiiga- 
rok  rivei*s  and  also  east  of  the  Kxmgarok  they  exist  as  massive  crystal- 
line marbk»s^  but  I'etain  traces  of  fnsi^ils  by  whifli  their  corrohitlon 
with  the  Port  Clarence,  i;;*  i*eiidered  certain.  In  the  southern  purt  nf 
the  peniiij^iilu  they  form  thc^  large  area  of  whit^  marble  hills  at  White 
Mountain^  nortli  of  (iolnfnin  liay,  0b8fin-e  fossils  were  eollnrted 
hei-e.  in  1900  which  were  regardt^d  as  of  possible  Mesozoie**  agt*,  but. 
the  larger  collections  made  by  Hess  in  ll>03  permit  their  correlation 
witii  the  Port  Clarenc^^  limestone.  No  estimate  of  the  thickness  of 
the  formation  at  While  Mountain  has  lieen  attem|:>ted,  as  its  upper 
and  lower  limits  could  not  l>e  defined-  It  comprif*es  a  great  thickness 
of  crystal  line  limestones  which  contain  some  minor  beds  of  calcareous 
schist  and  overlie  schi^^ts  similar  tu  those  of  the  Nome  ivgiun. 

West  and  north  of  \Miite  Mountain  many  extensive  areas  of  Hiassive!=! 
crystalline  limestone  have  buen  difforejillatedj  as  shown  on  the  geologic^ 
map  (PL  X,  in  pocket).  In  general,  these  rock^  are  moi-e  highly"^ 
altered  than  those  ah"eady  descrilwtU  and  are  destitute  of  fossil  evi — 
dence.  They  are  correlated  with  the  Port  Clarence  on  the  ground^^ 
of  stratigraphie  and  lithologic  similarity.  Near  Casadepaga  River^ 
EichardBon  measured  a  thickness  of  2,r>00  feet,*  South  of  A  me  ri  car* 
Creek  an<l  west  <if  till'  ICnT7.ff'jin<'iiti^  near  Iron  (*reek,  the  thickness  is5 
probably  as  great,  though  no  section  has  been  measured. 

In  this  region  the  limestones  contain  numerous  sills  of  basic  igneous 
rock,  some  of  wliich  are  so  nnidi  altered  that  they  can  not  be  distin- 
guished from  the  scliists. 

In  tlie  r(\£rion  between  Nome  and  tlu'  Kighuiik  Mountains  the  thick- 
ness ])robal)ly  dcK's  not  exceed  '_?,00()  feet,  hut  the  upper  limit  is  not 
defined.  Tlie  limestones  contain  many  small  beds  of  schist,  also  some 
definite  sills  and  dikes  of  greenstone,  and  locally  they  are  capped  by 
schists  which  may  also  be  altered  gi-eenstones. 

Near  Ca})e  AVoollev  the  limestcMie  covers  a  large  area  which  has  not 
been  examined  in  detail.  The  thickness,  however,  donbtless  exceeds 
i^,000  feet,  llie  rock  is  not  so  nuich  m(»tanior]:)hosed  as  in  the  Nome 
region,  though  tremolite  is  locally  developed,  and  it  should  yield 
fossil  (evidence  if  carefuHy  searched. 

The  l^)rt  Clarence  limestone  ha^  becMi  determined  from  paleonto- 
logic  evidence  to  be  probably  of  Silurian  age,  though  forms  hereto- 
fore regarded  as  Ordovician  are  ])resent  in  some  of  the  collections. 


"  Mendonliall.    W.    ('..    I{ooonnnissnii<  os    In    llio    (' 
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In  1901  the  writer  obtained  small  collections  of  fossils  from  many  lo- 
calities north  of  Port  Clarence;  on  these  Dr.  Charles  Schiichert,  of  the 
United  States  National  Museum,  reported  as  follows:" 

Loc.  26.  Two  miles  southwest  of  forks  of  tlie  Don  River.  Porambonites,  prob- 
a»l>ly  P.  intercedens  Pander;  ColumnarUi  with  hirj?e  cornllites.  and  Bythotrypaf 
«<I>.  undet. 

Loc  28.  Mountain  4  miles  north  of  Rapid  [Lost]  River.  lUwtius  near  /. 
£  ^uricamis,  but  much  smaller;  lUamun  sp.  undet.;  and  a  lithistid  sponge  on  the 
cz^Tder  of  Calathium. 

Loc.  45.  Don  River  4  miles  north  of  Tozier  Creek.  Maclur'nia,  probably  M. 
-^^lanitobensis  Whiteaves;  Columnaria  with  small  CH)rallites;  Ualiisitcs  catrnu- 
^ ^ria  Linn^;  Syringopora  sp.  undet.;  Streptelasmaf ;  and  an  undetermined 
-^Zophosgyira. 

Loc.  77.  Bluff  above  Nuluk  River,  latitude  (\r>°  41'.  longitude  1<J(>°  20'.  OrthiM, 
tirobably  O.  parva  of  Euroi)ean  Russia. 

Loc.  78.  Foot  of  talus  sloixj,  Nuluk  River.  A  large  section  of  an  nn<leter- 
"K-iiined  gasteropocl. 

TjOC.  76.  Bowlder  from  gravel  of  Nuluk  River.  Fragments  of  a  large  trilobite. 
X'ndetemiinable. 

TiOC.  185.  Pebble  from  sand  spit  1  mile  north  from  Teller.  Qirvanella  and 
Jfaphistamaf, 

The  above  localities  represent  the  middle  of  the  Lower  Silurian  system.  This 
Is  the  first  proof  of  the  occurrence  of  rocks  of  this  age  in  Alaska.  Localities  2C». 
28,  and  77  are  particularly  interesting,  as  spe<'ies  found  there  were  first  de 
scribed  from  European  Russia  about  St.  Petersburg.  This  fauna  has  not  l)efore 
been  ascertained  to  occur  in  America,  nor  has  Porambonites  been  noted  in  any 
American  Arctic  region. 

Ijocality  45  is  also  very  interesting  and  perijlexing — perplexing  in  that  the 
association  of  Halysites  with  ^iiriufjoponi  would  under  ordinary  circumstances 
l)e  accepted  as  proof  for  Tapper  Silurian  age.  However,  since  l)oth  are  here 
associated  with  such  unmistakable  r^)wer  Silurian  forms  as  Maclurhia  mani- 
iohenttis  and  Columnaria,  the  latter  outweighs  the  evidence  of  the  corals.  On 
tlie  other  hand,  Halysites  is  often  found  in  the  Lower  Silurian  and  while  1 
IcDow  of  no  Hyringopora  in  this  system,  yet  I  learn  from  ^fr.  T'lrich  that  this 
genus  has  l>een  noticed  by  him  twice  in  association  with  Lower  Silurian  sptvies. 
^  ♦♦♦♦♦♦ 

Locality  163  [summit  of  Baldy  Mountain]  indicates  a  second  formation 
younger  than  any  of  the  above-descril)e(l  lots.  Tlu*  rock  has  undergone  con- 
siderable alteration,  so  that  the  fossils  are  mostly  undeterminable.  However, 
the  presence  of  a  coral  like  Cladopora  or  i^lrintopora  intlicates  either  Upper 
Silurian  or  Devonian.  No  c*oral  of  this  nature  is  known  to  nie  in  the  Lower 
Silurian. 

In  1903  larger  coUection.s  were  made  at  a  few  localities,  on  which 
Doctor  Schuchert  reports  as  follows: 

Loc.  3AC14(5  (near  the  forks  of  Hock  Trcvk,  a  northern  trilnitary  of  Agiapuk 
Klver)  has— 

Stromatopara  sp. 

Favo9ite8  favoaus  Goldfuss. 

Favosiies  cfr.  tiiagarenHh  Hall  or  /•'.  fjftthlamlicus  Fouglit. 


•Collier.  A.  J.,  Prof.  Paper  V.  S.  (ieol.  Survey  X<k  li.  VM)'2.  mu  LM>-l»1,  2i>. 
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^^M  llatfMitf'ii  i*ttfcTntinritt  friltimi  Htlii>rffl*ja 

^^m  IHphuphijUum  cl'r  mnltUHtuliM   (UnUh 

^^1  OnaterifitMMla,  onp  n  Lfiphuxpim^  ttnotb^i*  ii  lltitnttihimti, 

^^M  Orthtifrnts  wp,  innloteriJiirijiM**. 

^F  Loe.  Tp  A  r  1 7<  I  <  1 1  ii  rri  s  t '  ri*ek  *  a  licsii  i  rt  m  i  li^s  m  i  rr  h  *i  1'  H  n  1  dy  ^  f  oiiu  t«  I  u ,  \\  heve 

No.  trt3  wiis  (XtUentwl  In  V.M).     Vlndrjpm'fi  ^\h,  rew?mhJwii  V^  HtThtn  Unit  of  !lu* 
X>w  Y*>rk  Silurhin;  i^iritittjprtm  sj\i  Afrtyjtttrs  »i\„  n  brautfhin^*'  form. 

The  specie*  of  thi?J4(>  twn  Un^nJHit^s  lriilif*fltf»  Hefitly  tbe  age  nf  ihi*  tlmentuDB^ 
to  iM?  Maganiu  or  tbv  iniddU'  ibU-il  i^f  tln^  81lurliiiL  This  muw  IwirlKon  wltb  tUo 
&anie  siK*ck^  1^  knowTi  ti*  iwi-ur  in  tlio  An-tJr  re;? Ion  Ltt  DobUhi  Bay.  Catu*  l!il* 
gard.  Cape  TxjiUa  N»iiKileou*  iHU<*y  l?ilaiHi  vU\ 

Tliest^  two  onUiM'tltrnfi  tjf  Mi\  riillier  sIIh^i  ^4lH*d  light  tm  Uls  t+artler  con*H.»ttous_ 
munbt^rfKl  K\r4rj  and  lAt;2il.     Tbi?  foruu-r  biia  rm  jms^cmblhg**  of  siweles  ^ny^- 
^_  geBtlug  both  the  Ordovicbiu  and  Sihirian  fornintlonji,  and  a  gsiitillur  oceiirren(?G 

^^M  was  noted  by  P^tht'rid^i«  for  tbi?  Aretic  loi'alltten  mentloatHl  Hbo^'e*    Either  t  hi' 

^^         are  two  dc^lotnltlo  snperpoweil  ijorbons  h\  the  far  norths  one  of  Ordoviclan  ai 
r  the  ot  h<>r  of  S 1 1  nri  a  n .  ea  n » injij  I  b  e  U*m  I  Ik  of  it  i  fTeren  t  a  gea  U\  be  j  n  i  x  int ,  or  we  ha  v- 

I  here  indleatioii!^  that  there  was  no  break  In  tJie  se<lbnrntntlon  ln»tn^'i^i>  tbt  Ordf — -_z 

L  vlehjn  a«d  SKurlan  iKTmittlng  sfieeUtB  tiHually  tie<vj>teU  as*  rostriHed  to  the  Oi^h 

^K  dovlebin  to  pa&»  upwar^l  hi  to  the  Silurlnu.  Ueference  in  bereaiade  to  my  form^^ 
^V  IdedtJrteatUm  of  Mtwhirimt  wfutitotiinaiH,  Ktberldsre  alf!*i  ilads4  n  simlhir  fthe=^ 
which  he  IabelJ§  Mucluren  mnifim  ii^^soi^iatLtl  wHh  SUurbin  fostisjlft  fit  Cape  It^^^ 
gard  and  Caiw?  Lonis  Nai*ole<>u.  Fnrtlier*  Salter  and  EUierldgo  i*tff>ort  Favisiell  -^ 
ViiUnnnnviu  in  the  jiamt?  aNi*MK*IntUm.  This  Is  a  grtiimi>f  <-oratse[^wherekno\^^^ 
only  hi  the  Ordovlebm,  CoHler  also  appears  to  have  i!f[>eoimens  of  tills  genus  -^ai 
his  loe,  ^iAC"l-h*  nsHinMateil  with  !inniist;iknb!e  Wihiriiin  forniji,  My  bb'UtiMi^ —  ^ 
tions  of  lot  1AC2(»  also  should  be  chanjied  to  Favositcs  ap.  undet,  CoHchitfhir^^^ 
coppinf/cri  Etherid.L'oV,  and  liifthoiHtni  f.  T.oc.  lACTT  is  either  Ordovic-ian  -* 
Silurian. 

There  may  lu^  Ordovieian  strata  on  Seward  Peninsula,  as  lot  1AC28  stx'uis 
have  fragments  of  Ilhinus.     However,  the  material   is  so  fraj^rmentary  that        ^» 
positive   identification   <an  be  made,   and   the  age  of  the  strata    in   (piestion 
eitlier  Ordovirian  or  Silurian.     Lot  oAlirn    (South  Fork  of  Budd  Creek)    ba^-^ 
Si/riiH/apord  different  from  other  Seward  Peninsula  si»eeies  and  yet   it  may       ^ 
of  Silurian  aj;e. 

In  r.)00  somo  ohsciiro  fossils  wore  a^llected  by  Mendenliall  ^'  fro/ 
the  limestones  at  AVliite  Mountain,  about  10  miles  north  of  (lolofiii^ 
Sound,  which,  th()U<i:h  thev  could  not  be  identified  by  paleontololri^^^'^ 
seemed  to  indicate  either  a  Mesozoic  or  Tertiary  ao-e. 

In  11)0.'^  TTess  made  a  thorouo^h  s(»arch  for  fossils  on  several  low, 
rounded  lime^toiu'  butles  which  ^tand  as  islands  in  the  Qnaternarv 
deposits  of  the  Fish  Kiver  delta  neai*  AVhite  Mountain.  His  search 
resulted  not  only  in  a  collection  of  fossils  fVom  MendenhalTs  oriofinal 
locality,  but  in  additional  collections  from  a  hill  called  Black  Moun- 
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fain,  which  lies  several  miles  north  of  White  Mountain.  The  collec- 
tions were  submitted  to  Doctor  Schuchert,  who  reports  on  them  as 
i^cillows  : 

Lot  SAHIOS  (Black  Mountain,  near  Fish  Kiver.  (>  niilc^s  above  White  Moun- 
ts s.un)  has  a  DiphyphyJIum  quite  unliive  tlio  other  Sewnrd  IVnlnsnla  siKvies.  So 
:£^sir  as  the  fossils  go  the  horizon  may  be  either  Silurian  or  Devonian.  However, 
r  am  told  that  the  specimens  from  loc.  3AII1()2  (on  the  southeast  sIoik?  of  Black 
:^-Ionutain,  which  are  inulonbtedly  Silurian)  are  from  a  horizon  above  103,  and 
sxa  the  species  from  the  former  s(H*ms  to  Ikj  the  abundant  Cladopom  of  loc. 
•ftA(T70  it  follows  that  if  no  overturn  of  the  be<ls  occurs  h(»re  loc.  10:i  also  is 
i-*  iluriau. 

Loc.  3AII100  (Mendenhall's  original  locality  at  White  Mountain).     The  lime- 
stone of  this  locality  is  much  nietamori)host»d.  sliattennl,  and  squeezed,  so  that 
oiie  hesitates  to  state  what  genus  the  white*  calcite  sections  in  the  rocks  repre- 
-s<?nt.    However,  tliey  api)ear  to  be  of  a  large  bivalve,  and  as  the  strata  not  far 
i^M'ay  from  this  locality  seems  to  be  certainly  of  Silurian  age  the  suggestion  is 
arrived  at  that  Mcgalomits  may  \ye  represented.     This   suggestion   would  not 
«jive  offered  itself  if  we  did  not  know  of  a  similar  occurrence  on  Drake  Island, 
^•lai-ier  Bay,  Alaska.     At  this  locality  the  natural  sections  indicate  that  they 
'^^loiig  to  a  thlck-shelleil  bivalve  like  Mcf/nlouius,  and  as  there  are  associated 
^'^tli  them  unmistakable  Silurian  fossils  the  fact  is  establisheil  that  a  horizon 
**^   Ulnrnt  the  age  of  the  Silurian  Guelph  is  present  on  Drake  Island.     For  the 
'**^5«nt  it  may  be  best  to  accept  the  age  of  the  rocks  at  loc.  3AII10G  as  Silurian. 
*^^epting  this  as  true,  then  1()6  should  hold  a  somewhat  higher  horizon  in  the 
^'^^tlon  than  AH102  and  103. 

"^X^e  above  remarks  lead  to  the  conclusion  that  there  may  be  Ordovician  strata 

*^^     S<»ward  Peninsula  and  that   there   is   there  an  extensive  development  of 

^    *^Xirlan.    The  i)lace8  where  Silurian  fossils  occur  are  lAr2(5  (2  miles  southwest 

*^     the  forks  of  Don  Uiver).  lAC4r>  (l)<m  River,  4  miles  above  Tozier  rre(»k), 

^\^Vci4<j    (Rock  Creek,  tributary  of  Agiapuk  River),  3AC154    (forks  of  Budd 

^^«ek).   3AC170    (Harris  Creek,   :\  miles   north   of   Baldy    Mountain),   3An52 

*South  Fork  of  Budd  Creek,  tributary  of  American  River),  and  3AII102  (south- 

'^Nt  sloi)e  of  Bllick  Mountain,  near  Fish  River,  15  miles  al)ove  Golofnin  Bay). 

The  following  localities  may  also  be  Silurian,  as  they  s<»eni  to  have  single 

^'r^ec'ies   of  apparently  the  same   forms  as  occur   at  the  localities  just   cited: 

*^-c\oi5<)  (head  of  South  Fork  of  Budd  Creek,  near  Kougarok  Mountain).  :iACir)5 

^  tiiountain  south  of  forks  of  Budd  Creek),  ;5A1I1()4  (river  face  of  Black  Moun- 

^'^iii.  0  to  8  miles  al>ove  White  Mountain). 

The  geologists  of  the  Harrinian  expedition,  who  touched  at  a  point 
^Xot  definitely  located  on  the  east  shoi-e  of  l\)rt  Clarence  in  1899, 
^lescribc  the  rocks  here  as  slates  intercalated  with  brown  sandstones. 
'X'he  slates  are  described  as  "  dark-^ray  fissile  nrgillites,  which  are 
^>ften  fos.siliferous  and  some  of  which  are  calcareous  and  run  into 
Vhin  beds  of  limestone."  « 

These  rocks  were  correlated  with  the  Jurassic-Triassic  ''  Vancouver 

series."     Although  this  coast  has  been  traversed  by  <rc()logists  of  the 

Geological  Survey,  no  rocks  were  found  which  could  ])e  distin<2:uishe(l 

from  the  Port  Clarence  limestone  and  the  undifferentiated  schists  of 

the  Nome  group.     Moreover,  some  of  the  fossils  collected  ])y  mem- 


•  Emerson,  B.  K.,  Harrlman  Ahiska  Expedition.  v«>I.  4,  1004,  pp.  44,  53-54. 


\mv^  uf  tilt*  IlarritivuH  exprtlition  M^eiii  In  have  Ikh/h  mixed  or  nT!i3 
labeled,  ^i  that  no  fu^sils  which  un*  knuvvii  t(j  have  bt*i*n  i-uUn'tcJ  ati 
Port  Clart*nce  appear  to  have  heeu  brought  back*  Fucoit)  forma] 
which  mny  luiv^  l»t*e»i  con fu so* I  with  mina  of  the  fossik  eollected  inl 
tlit^  Yukutat  fonuatioa ''  aro  i'c?minoii  in  the  less- met  amor  pht»hed' 
earthy  Purt  ChirentT  limf^stoiie,  und  n  siuall  t»o]leetioii  of  these  was 
niaile  ia  ll^fH  Jiear  Mount  Merrill  fc^r  comparison  with  the  Yak  at  at 
fiiroids.  These  were.sulmiitted  to  Mn  IJlrieh,  whose  report  is  aS: 
follows:  J 

Tlie  foMsUs  collected  by  Mr,  WaMbburae  at  ^ferrill  Moiiiitalii,  ,1  miles  norttuj 
m>rtlu*afit  of  tlio  auiatU  at  UiKt  IUvi*r,  Sewsinl  Perilusulu.  Aluska*  eoai prise,  all' 
toki^  IT  si»eelment<  in  luj  e\fr**ii»>ly  \itisrttlRfrtHc*ry  wtote  of  j*reHerv':iti(jn.  On  etmH 
iiultntiou  wUb  Mr,  rollt*T  I  1e?iiriUHl  lijjit  lb**  iniijn  |nirT»ow  uf  lljt»  ctjIlecHmi  waip 
lit  detf^i'inirte  whffhor'  joty  i»f  the  riicuiil-likt*  lunrUTiigs,  wbirh  sire  siikl  to  tiflj 
abundaat  ia  tbr  rnrl  t'birtnite  1  haw  lime,  urn  *i)tijpnnU>le  to  the  Yak  a  tat  fonnaF^ 
tbiii  fumiLlw  i'ei*ontly  UcH^nilwHl  l>y  mir.  *rbw  iimlmUillty  LtJj\y  I*  set  Jiwkle  a6 
oure,  ^liat*  tlio  '*fucH>fds"  of  the  Iwo  fonauMnas  tne  lu  uo  wlie  Bimliuf^ 
laileerL  the  organic  antiire  of  tli®  Port  t^bn'eace  iiHirkUigs*  1h  doabtfut,  wblle  S 
etia  t*atertaia  uo  su<^b  dmibt  ct>uf'ernla«'  tbe  Vnkutat  fui^jHlj*.  Nine  i>f  tliis 
Mj)ei'1rM4'tii4  from  Merrill  ^!*iai>liiiii  wei'e  (n>Uect€*il  im  aenaint  of  tbe  uiMrklagi^ 
la  qaewtloiu  \ 

Of  the  reiiiniiiing  eight  si»eriaieni!i  one  ih  a  nicbt'n>ltire*l  bnudetl  iiuLi^ues^iai^ 
llau'stom^;  the  othei-H  ui-e  iti  a  tbo'kt  r^oniptnl:  lUaewtone  v^ry  d5JTereut  IHlioloi^ 
icaHy  fi-oin  ttie  fir^t*  'i'he  hfoiiUnt  ttr  IniuiimttHl  i^ixH-iaien  aoiy  aot  \h\  oiXituk*, 
bat  it  aicreei*  in  jippearfiaiii'  nnd  general  i^truetare  very  well  wiEU  those  doubtful 
foflsllK  riillerl  rryptozojin  wltlfb  are  so  wUlelv  dlstribatiHl  ta  the  eurly  Onlo- 
vlcian  or  Cjinibriaii  niagnosian  limestones  in  tlie  TTnite<l  States.  The  fact  that 
the  Alaskan  specimen  is  dolomitic  is  probably  sij;niticant  in  this  c*onneetioii. 
Ilowf'vcr.  if  <»n  investigation  tlio  l>eil  from  which  this  specimen  is  derivtHl  is 
not  distinctly  beneath  the  dark,  ]>nr(»r  limestones  containing:  the  other  fossils. 
I  wonlcl  1)0  inclined  to  compare  it  with  the  similarly  laminated  Stntniataccriion 
rufffisuni.  a  fossil  charactcrizinL;  the  Kla<k   liivcr  limestone  of  New  York. 

The  fossils  in  the  dark  limestone  are: 

Sections  of  two  specimens  of  an  nndetermined  irasteropotl  havinir  about  the 
shape  of  Honnttloniii  lK'Uici)i(t(i,  only  nmch  smaller — oni^half  to  three-fonrths 
of  an  inch  in  length. 

Two  specimens  of  a  low-spired,  ronnd-whorled  pisteropod  of  nncertain  atlini- 
ties.  Trochffnoiia  is  sn,i,'i;csted  l»y  the  broad  nmbilicns  and  jreneral  form  of  the 
shell,  bnt  it  is  so  imperfectly  preserved  that  identification  is  impossil)le. 

A  cephalopod  with  a  cnrved  shell  like  these  connnonly  referred  to  Cyrtth 
rcnis — perhaps  ;i  species  of  Curtorizormis  accordinir  to  Hyatt's  classification. 
However,  the  material  is  so  poor  that  it  is  not  safe  to  say  more  than  that  it 
repi'^'^*''ds  a  simph'  C'urtoccnis-Wki"  ce|)hal(vpod  with  close  septa  and  apparently 
a  nearly  smooth  snrface. 

The  (jther  (M)  specimens  consist  (1)  of  a  part  of  a  radiately  marked  im- 
pression, the  reiiitions  of  which  ai'e  very  nncertain,  and  (2)  of  frajrments  of  a 
thick-walled  hollow  cylinder,  possibly  indicating;  si|)hnncles  of  some  small 
IliHhK-riiis.     They  are  abont  oiie-fonrth  in<'h  in  diameter. 
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Despite  the  imi)erfo<*tioii  of  the*  material  there  is  little  douht  in  luy  mind  as 
to  it«  Ordovlciaii  age.  It  must  come  from  a  lower  horizon  than  that  in  the 
same  vicinity  from  which  the  probably  Silurian  (X)rals  reiwrted  on  by  Mr. 
Charles  Schuchert  were  found. 

The  collections  regarded  by  Messrs.  Schuchert  and  IJlricli  as  pos- 
>ibly  Ordovician  or  ''Lower  Silurian"  are  lACiiS  (near  mouth  of 
l/)st  River)  and  1AC77  (Xuhik  River,  latitude  (m°  41',  longitude 
W}°  t>0').  From  a  review  of  the  stratigraphic  evidence  the  writer 
ij^  of  the  opinion  tliat  thesis  horizons  are  not  h)wer  than  the  other 
fossil-bearing  horizons  of  the  Port  Clarence  formation  and  that, 
therefore,  they  also  are  Ordovician  or  Silurian.  Larger  collections 
from  these  localities  will,  it  is  believed,  verify  this  conclusion." 

UHDUrFE&EH TIATED  80EI8T8  OF  FAIRHAVEN  PREOINOT. 

The  schists  which   overlie  the   nuissive   Port    Clarence   limestone 

find  their  greatest  development  in  the  northeastern  part  of  the  Penin- 

'^"la.     In  this  region  ^Moffit  found  extensive  arenas  of  mi(iii   schists 

<^^'orlying  the  massive  limestones  believed  to  be  Port  Clarence.     These 

''ocks  differ  from  the  schists  which  underlie  the  Port  Clarence  lime- 

•**'^one  in  the  Nome  region  in  that  they  are  calcareous  or  siliceous  and 

^^    many  places  graphitic  mica  schists,  but  are  rarely  feldspathic.'' 

■Their  stratigraphic  n»iation  to  the  Port  Clarence  limestone  places 

^'^em  either  in  the  Silurian  or  higher.     In  lithologic  character  they 

«rf?t  distinct  from  the  slates  in  the  York  n^giou,  which  will  l)e  next 

^^Scribed  and  which  are  also  regarded  as  of  possible  Devonian  age. 

SLATES  IN  THE  YORK  REOION. 

^'orthwest  of  the  York  Mountains  tluMv  is  a  large  area  of  slates 
^**  phyllites  which  seem  to  be  distinct  in  lithologic  character  from 
**^iy  of  the  other  large  rock  masses  in  the  jxMiinsula,  though  rocks 
^^^iTiewhat  similar  occur  in  the  Xome  group  south  of  Grantley  ITar- 
'^^i^f.  These  rocks  have  been  dift'erentiated  on  the  geologic  map  (PI. 
^X  in  pocket).  Similar  slates  which  arc  i)r()visi(>nally  correlated 
'^'^^ith  them  occur  in  two  small    isolated   areas  surrounded   by   Port 


*  In  regard  to  fossil  collections  the  writer  bc>j^  leave  to  make  tlie  following  suj;>jestious 
^    miners  and  prospectors  In  Alanka  : 

First.  Fossils  famish  the  most  deiinite  evidence  of  tlie  relative  ap'  of  rock  formations. 

Second.  Thoogh  the  relative  age  of  rock   formations  does   not   seem   to  hnve  a   direct 

Economic  bearing,  as  rocks  of  all  a^res  carry  sold,  and.  a<'cordin>:  to  tlie  old  adai;«».  *•  pold  is 

^*Wre  you  find  It,"  It  is  e<iually  true  that  in  many  districts  tlie  u(»ld-l)eariny:  rocks  are 

Confined  to  definite  horlsonB,  which  are  often  indlcntefi  hy  tli«'  fossils  contained  in  them 

^r   in   contiguous   rocks. 

Third.  The  men  engaged  In  TTnited  States  (icolojrical  Surv«\v  work  in  Alaska  invite  the 
cooperation  of  miners  and  proppectors  in  collect injr  such  evidence,  either  hy  furnishing 
information  regarding  fossil-bearing?  localities  or  by  sending'  specimens.  Such  correapond- 
<*lice  should  be  addressed  to  the  Division  of  Alaskan  Mineral  Resources.  T^  S.  Geological 
Surrey,  Washington,  D.  V. 

*Mofllt,  F.  H.,  The  Palrhaven  jiold  placers.  Seward  Tenlnsuhi.  Ahiska  :  null.  V.  S. 
Geol.  Surrey  No.  247,  1905.  pp.  20-24. 
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Clarence  limevStono  north  of  Brooks  Mountain  nnd  east  of  Don  River, 
unci  in  a  large  area  at  Ear  iloinitairi* 

The  type  mck^  of  tlie  formation  an?  fine-gained  graphitic  are- 
naceous slates  which  are  in  iruiny  pluceB  broken  into  rhomlxiidal 

blorks  and  pendl-^hapi*d  fi^agnients,  but  there  is  con.siderable  varia- 
tion from  this  type.  Some  l>t»ds  of  eo a rst»- grained  dark  sandstone 
have  bt'en  oljserved  and  here  and  there  calcareous  phases  are  niani- 
farted  iii  l>eds  of  impure  flaggy  limestone. 

On  the  west  theK*  slates  nr-e  in  contaet  witli  .some  crystalline  lime- 
stones  and  interl>ed(lerl  phyllites  which  are  of  MisaWippian  ('^  I^wei 
Oarhoniferous  ■')  ago.  The  relation  of  the  shites  to  tire  limc»stones  i 
dillicult  to  determine,  mMitdy  on  airount  of  ihc  ohs<;urc  bedding  o: 
the  slates  and  the  few  exposures  within  the  limestone  area  near  th 
contact.  In  lOtX)  Brooks  was  of  the  opinion  that  the  lijiiestone- 
nnderlit?  the  slates  and  are  therefore  the  olden*"  Although  the  writ.fc^  zm 
hk\H  twice  crossed  thin  contact  s^inee  that  time,  be  ii>  unable  to  advanr'^^ 
any  positive  evidence  either  confirmatory  or  otherwise  of  th^i^  3 
opinion. 

In  regard  to  the  8trati^*aphic  i)owition  of  th^e  *dates,  either  01  ^b^  ^ 
of  the  three  folhjwing  liypothe^e^  iB  pt^sihle  in  view  of  the  fat*^^- 
obtained:  (1)  They  may  be  of  the  sjime  geoh)gic  serie.s  as  the  lin^^^- 
wtonei^  exposed  near  Palazruk,  as  tbey   are  not  perceptibly    nn^ar^^ 
altered.     Sloreover,  fossils  similar  to  those  obtained  from  the  Fuitc^*- 
blone  have  been  found  in  beach  pebbles  several  miles  ea.st  of  the  1ltbu« 
of  contat^t,  and  th<JUgh  these  may  have  been  transjuirted  by  ice  fif"»^?~8 
it  is  eqnally  possililc  that  they  came  from  some  minor  l>ed  of  inipi;i«r^^ 
limestone  iiiidn<led  in  th(*  shile  f<jrnt!itian,      ("J)  Tlun'  nniv  be  oltlt^r 
than  the  hnu^stfaie  and  imdtM'Iie  it  conformably.     In  a  general  w:»  y 
{]n\y  rt's(MnMr  sour*  highly  jointed  ^lale^  and  sandstones  which  i-cjm  m- 
fornKdily  uudei'bc  rorU>  of  {\h'  Mississi]>[nan    ("Lower  Cariamif*^*  *'- 
ous  ')  si-rirs  in  the  (.'ape  Li^hurjic  region/'     The  close  association    c^f 
ihrst^  >hili"s  with  the  Mlssissippran  linicslones  therefore  suggests  tlif  i^r 
rorrehuion  witli  the  sHjyfioM'd  iVevonisui  roeks  of  the  faja^  LlsVnirx^"* 
region,      (*1)  Tlicse  ^lale^  intiy  be  eiinividcnl  to  the  lower  unditfei'P' ^i' 
t  la  ted  schists  of  the  Nome  group.     If  this  he  true,  there  nnist  1m*     ** 
fault  of  sevenil  ihonsiuid  fert  which  has  not  yet  been  detected  alot^g 
theii-  cont;iet   with  the  limotoiu'  exposed  near  Pnlaxirnk.     The  r^^^  =^" 
(ion  of  thi'  shjto,  and  umri'  cs|ier^ijdly  of  one  of  the  smaller  ontlyi*^!-' 
nias>e>  corrcfiileil   wilh  ihtuL  lo  lln^  P<m'I   Chirenci'  limestoiu^  ariT'^  ^'"^ 
sti'iHigly  for'  tins  hy(>otlie>i-. 


In    T1HJU,  n  s']i(*(H!il  pnlillranvMi  nf  Mm  T'.   S,  Otijl    Survi*^v^    llKU,  n-  -8. 
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UXESTOHS  ITEAR  PALAZBUE. 

West  of  the  area  of  the  slates  there  is  a  belt  of  crystalline  limestone 
^nd  interbedSed  dark  mica  schists  or  phyllites.  These  rocks  are 
exposed  along  the  Bering  Sea  coast  for  about  5  miles,  between  the 
xiative  village  of  Palazruk  and  the  granite  outcrop  of  Cape  Mountain. 
INear  Palazruk  they  are  intensely  crushed  and  probably  faulted. 
These  limestones  were  correlated  in  1900  with  the  limestones  of  the 
ZKigluaik  group.®  As  has  been  noted,  they  lie  immediately  west  of 
^he  typical  area  of  the  slates,  their  relation  to  which  has  not  yet  been 
clearly  determined,  though  they  form  a  distinct  lithologic  unit. 

In  1903  a  small  collection  of  rather  poorly  preserved  fossils  was 
obtained  by  the  writer  along  the  beach  between  Palazruk  and  Cape 
IMountain.  Similar  fossils  were  found  in  1904  in  the  limestones  south 
of  Lopp  Lagoon  and  also  in  beach  pebbles  several  miles  east  of 
Palazruk,  but  were  lost  in  shipment.  The  collections  made  from 
beach  pebbles  in  1903  were  referred  to  Dr.  George  H.  Girty,  who 
reported  on  them  as  follows: 

Only  three  species  ^eem  to  be  represented  in  the  collection,  and  these  belong 
to  the  corals,  a  group  which  serves  ill  as  a  means  for  correlation  or  for  age 
determination.  The  material  Is  also  so  metamon)hosed  that  almost  all  structure 
has  been  effaced.  There  is  a  single  small  zaphrentoid  coral  whose  generic 
position  has  not  been  determined.  Several  specimens  of  Syringopora,  appar- 
fflitly  all  one  species,  have  been  identified  by  their  characteristic  appearance 
and  mode  ot  growth.  All  internal  structure  in  these  fossils  has  been  obliterated. 
A  third  form,  represented  by  several  si)ecimens,  appears  to  be  related  to  Litho- 
strotion  or  Lonsdalea.  The  corallites  are  moderately  large  and  form  bushy 
fasciculate  colonies.  Septa  are  present,  and  also  a  central  axis  is  simple  or 
compound.  The  presence  of  this  form  seems  to  make  it  necessary  to  refer  this 
fauna  to  the  Carboniferous,  and  it  is  more  probably  Lower  than  Upper  Car- 
boniferous. Were  it  not  for  the  species  last  mentioned  (Lithostrotionf)  I 
H'ould  have  regarded  this  as  one  of  the  Devonian  coral  faunas.  Its  age  can 
^rdly  be  older  than  Devonian. 

In  regard  to  the  same  collection,  Doctor  Schuchert,  who  also  exam- 
ined it,  says: 

R^^rding  locality  3AC130,  it  is  certain  that  these  corals  are  wholly  different 
^roni  any  others  of  Seward  Peninsula  and  that  they  do  not  suggest  any  horizon 
t>elow  the  Carboniferous.  In  other  words,  these  corals  are  of  Carboniferous  age. 
A.  very  similar  coral,  Lithostrotion,  was  collected  by  Schrader  in  1901,  on  East 
^ork  of  John  River,  at  a  locality  on  Contact  Creek. 

A  large  collection  of  Mississippian  fossils  in  a  good  state  of  preser- 
vation was  obtained  in  1904  at  Cape  Lisburne,  which  is  about  200 
Hiiles  northeast  of  Cape  Prince  of  Wales.     After  these  had  been  deter- 

•  Brooks,  A.  H.,  Richardson,  O.  B.,  and  Collier,  A.  .T.,  Reconnaissances  in  the  Cape 
^ome  and  Norton  Bay  regions,  Alaska,  in  1900,  u  special  publication  of  the  U.  S.  Geol. 
Surrey,  1901,  p.  28.  Collier,  A.  .T.,  Reconnaissance  of  the  northwestern  portion  of 
Beward  Peninsula,  Alaska  :  Prof.  Paper  U.  S.  Geol.  Survey  No.  2,  1902.  p.  16. 
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mined  tlie  fragiiUMitiiry  fcissDs  fnnn  the  York  n-'gion  were  coinparml 
with  (tietii  by  Doctor  Girty,  from  who.se  repurt  the  following  note  k 
added  tu  those  already  given: 

Auothoi"  tHiUeetUm  wiis  tlint  iimdt*  by  Mr  CoUk^r  in  l^U')^  near  Cnpe  Mciuntjiliu 
These  fossils  bave  been  sti  iiHered  tliat  iilisoliite  identifleatb>fi  of  the  species  is 
In  raoBt  ftiBc»H  ImiMmsible,  but  1  feel  lift  It?  doubt  tint  the  boHKou  wUl  prove  to 
be  tbflt  of  tbe  Llsbunie  sw^rles. 

From  this  evidence  the  con-elation  t»f  tlie  limestone  expoj^ed  near 
Pahizruk  witli  the  Mississippian  limestone  of  Cape  Lisburne  seeras^ 
well  ei^tablished,  Fos.^ils  simihir  to  those  from  the  Cape  Lisburne  re- 
gion were  also  found  on  St*  Lawrence  Island  100  miles  .southwest  u£ 
Cape  Prince  of  Wales,  tlioijgh  th«*ir  Hource  in  the  bed  rock  has  not  been 
locatocL  MississippHiii  rtK*kH  arc  extendi rt'ly  developed  in  a  brotid  belt 
extending  eas^tward  from  the  Cape  Linburne  region  °  aerobe;  m>rtherii 
Alai^ka.  The  &iame  horizon  ih  also  represented  un  Chichagof  Idantlj'* 
southeastern  Alaska. 

iitrMMAHY  UF  THE  JMETAMORPHIC  FORMATIONS. 

The  nietamorphic  rottksof  Seward  Peninsufii  consist  ol  inter- 
bedded  schists  and  limestones  and  are  among  the  olde^st  known  rocks 
in  Alaska.  In  general  the  schists  are  of  sedimentary  origin,  though 
they  doubtless  include  many  undifferentiated  igneous  masses.  Litho- 
logically  they  present  a  variety  of  types,  the  most  common  being 
(]N:irfz-hintitc  ^=chists  gradin^^  into  iriieii^scs;  f|UiirtZM^!ili>ritt^-nms('ovite 
schists,  many  of  which  contain  secondary  feldspar;  graphite  schists, 
hornblende  schists,  cpidote  schists,  calcite  schists,  quartzites,  and  clay 
slates.  The  degree  of  metamorphism  varies,  but  as  a  general  rule  is 
greater  in  the  eastern  than  in  the  western  part  of  the  peninsula.  In 
many  places  the  schistosity  appears  to  be  parallel  with  the  bedding, 
but  locally  there  is  evidence  of  close  folding  developed  previous  to 
the  schistosity,  and  it  is  probable  that  this  condition  prevails  in  many 
of  the  more  highly  altered  rock  masses  where  it  has  not  been  detect*Ml 
in  the  reconnaissance  examination.  The  most  extensive  limestone 
formation,  which  is  called  the  Port  Clarence  limestone,  is  believed  to 
belong  to  the  Silurian,  though  several  of  the  collections  of  fossils 
contain  forms  heretofore  regarded  as  Ordovician  associated  with 
Silurian  forms.  Concerning  the  schists  of  the  Nome  group,  which 
underlie  the  Port  Clarence  limestone,  it  can  only  be  said  that  they 
and  the  Kuzitrin  and  Kighuiik  are  pre-Silurian.  Some  undifferen- 
tiated schists  which  overlie  the  Port  Clarence  limestone  may  be  either 
Silurian  or  Devonian.     So  far  as  the  evidence  at  hand  shows,  the 


"  rolllor,    A.    J.,    GeoloK.v    and    coal    resources    of    the    Cape    Lisburne    region,    Alaska: 
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slates  in  the  York  region  may  belong  in  either  of  the  Paleozoic  sys- 
tems. The  youngest  rocks  known  in  the  metamorphic  series  are  the 
limestones  near  Cape  Mountain,  which  are  of  Mississippian  age. 

Briefly  stated,  the  metamorphic  rocks  of  Seward  Peninsula  include 
sediments  which  range  in  age  from  pre-Silurian  to  Carboniferous. 
The  formations  that  have  been  differentiated  are  lithologic  and  prob- 
ably also  stratigraphic  units,  though  as  a  general  rule  the  strati- 
graphic  features  are  obscured  by  metamorphic  structures. 

Where  paleontologic  evidence  is  wanting  any  correlations  are  apt 
to  be  at  fault,  as  the  undifferentiated  schists,  although  mainly  of  pre- 
Port  Clarence  age,  may  include  infolded  masses  of  younger  Paleozoic 
rocks,  and  some  of  the  limestones  which  have  been  mai)ped  as  Port 
Clarence  may  l)elong  to  an  undifferentiated  horizon  above  or  below 
the  Port  Clarence. 

UNALTERED  SEDIMENTARY  ROCKS. 

Unaltered  sediments  composed  of  conglomerates,  sandstones,  and 
•shales,  which  are  in  places  coal-bearing,  overlie  the  metamorphic 
rocks  unconformably  in  a  few  small  areas,  most  of  which  are  east 
of  the  region  under  discussion  in  this  report.  Several  such  areas  are 
reported  along  Tubutulik  and  Koyuk  rivers,  in  the  Koyuk  precinct," 
und  a  similar  area  which  has  produced  some  coal  occurs  on  Kiwalik 
Eiver,  in  the  Fairhaven  precinct.^ 

In  the  Nome  precinct  a  small  area  of  unaltered  sediments,  includ- 
ing some  coal  beds,  occurs  on  Coal  Creek,  a  western  tributary  of  the 
^Sinllk,  about  l-t  miles  from  the  coast.     The  surface  here  is  deeply 
f^overed  with  erratic  bowlders,  peat,  and  moss,  and  the  bed  rock,  even 
in  stream  channels,  is  exposed  in  but  few  j^laces,  so  that  it  was  not 
possible  to  outline  definitely  the  area  occupied  by  this  formation. 
i'roni  the  meager  exposures  which  occur,  however,  it  seems  probable 
t:hat  the  greater  part  of  the  plateau  surface  in  which  Coal  Creek  is 
t:renched  is  underlain  by  crystalline  limestones  and  schists  resembling 
t.hose  near  Nome,  and  that  the  younger  sediments  do  not  extend  for 
xnore  than  half  a  mile  along  the  creek.    The  most  prominent  outcrops 
consist  of  a  conglomerate  containing  pebbles  of  schist  and   vein 
quartz  and  some  large,  well-rounded  bowlders  of  greenstone  that  has 
been  slightly  sheared.    A  diligent  search  of  this  conglomerate  failed 
to  reveal  any  pebbles  of  granite,  although  granite  pebbles  are  com- 
mon in  the  surficial  deposit.    In  addition  to  the  conglomerates,  the 
coal-bearing  formation  contains  finer  sediments  made  up  largely  of 

« Mendenhall,  W.  C,  ReconnalsRances  in  tlie  Cape  Nome  and  Norton  Bay  regions, 
Alaska,  in  1900,  a  special  publication  of  the  V.  S.  Geol.  Survey,  1901,  pp.  205-200. 

^MoflBt,  P.  p..  The  Fairhaven  gold  placers,  Seward  Peninsula,  Alaska:  Bull.  U.  S. 
Geol.  Sanrey  No.  247,  p.  18. 
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schist  pebbles  that  are  very  much  decomposed.  These  beds  have  been 
slightly  crushed  and  sheared  subsequent  to  their  deposition,  making 
it  difficult  to  distinguish  the  clastic  material  from  the  schists  which 
are  in  place.  The  formation  also  contains  a  number  of  seams  of 
finer  material  in  th6  condition  of  fire  clay.  The  beds  strike  nearly 
northwest  and  dip  to  the  southwest  at  an  angle  of  about  30°. 

The  attention  of  prospectors  was  first  called  to  the  coal  deposit 
by  Eskimos  from  the  village  at  the  mouth  of  Sinuk  River,  and  sys- 
tematic development  was  attempted  in  1902.    A  tunnel  driven  into 
the  west  bank  of  Coal  Creek  across  the  strike  of  the  coal-bearing 
strata  exposes  a  number  of  thin  seams  of  coal  with  beds  of  white  fire 
clay  between  them.    It  is  reported  that  while  the  tunnel  was  in  con- 
struction seventeen  stringers  or  thin  seams  of  coal  were  exposed,  the 
thickest  of  which  measured  about  IG  inches,  and  the  thinnest  about  3 
inches.     Below  the  lowest  bed  the  floor  consists  of  white  fire  olar 
similar  to  that  between  the  beds.    No  analysis  has  been  made,  but  the^ 
api)earance  of  the  coal  indicates  that  it  is  bituminous  and  of  fain" 
cjuality.    A  blacksmith  at  Nome  reported  that  he  found  it  very  satis — 
factory  for  welding  purposes,  but  it  is  evident  that  the  deposit  ha=^ 
little  if  any  value  on  account  of  the  small  size  of  the  beds. 

Although  it  is  not  believed  by  the  writer  that  the  whole  area  o:^ 
coal-bearing  land  is  more  than  one-half  of  a  square  mile,  it  is  pos- 
sible that  its  extent  is  somewhat  greater,  for  it  is  natural  to  suppo*^ 
that  the  coal-bearing  rocks,  being  softer  than  the  schists  and  lime- 
stones, would  be  less  likely  to  crop  out  through  the  surficial  dejoosit^- 
and  for  this  reason  their  presence  would  not  be  detected. 

As  was  noted,  the  conglomerates  of  the  coal  measures  contain  ^ 
great   many  j)el)l)les  of  a   coarse-grained   greenstone.     Greenstone--^ 
of  this  character  occur  about  10  miles  to  the  northwest  and  ther^ 
ihvy  make  up  a  lai'ge  part  of  the  bed  rock.     It  is  entirely  possible* 
that  they  may  also  occur  at  nuuiy  places  nearer  to  the  basin,  *-^" 
(likes  of  finer-gi-ained  greenstones  are  known  in  the  vicinity.    Tlie?^* 
sediments  were  probably  deposited  in  a  fresh-water  basin  that  w*^ 
of  small   extent.     Subsequent   to   their   deposition   they   have  beei* 
folded  with  the  older  rocks  and  eroded  to  base  levels  with  them.  ^*  * 
that  the  original  extent  of  the  basin  can  not  be  determined.    Tl^*"* 
character  of  the  pebbles  of  this  formation  shows  that  it  was  <!<-'"' 
posited  after  the  metamorphisni  of  the  Nome  group  and  after  th^* 
greenstone  intrusions.     Tlie  absence  of  granite  pebbles  suggests  tha^ 
the  sediments  may  be  older  than  the  granite  intrusions,  though  it 
may  be  due  to  lack  of  drainage  from  that  direction. 

No  paleontologic  or  paleolw)tanic  evidence  regarding  the  age  of 
any    of    the    coal-bearing    rocks    of    Seward    Peninsula    has   been 
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obtained,  but  from  their  lithologic  resemblance  to  other  coal-bearing 
formations  of  Alaska  a  late  Mesozoic  or  Tertiary  age  is  inferred. 
The  coal-bearing  series  of  the  lower  Yukon,  which  includes  both 
marine  and  fresh-water  deposits,  is  mainly  of  Upper  Cretaceous  age, 
whereas  the  isolated  coal  basins  of  the  upper  Yukon,  which  these 
basins  most  resemble,  are  Eocene.* 

Coal-bearing  sediments  of  Eocene  age  also  occur  on  St.  Lawrence 
Island,  about  160  miles  southwest  of  Seward  Peninsula. 

UNCONSOLIDATED    DEPOSITS. 

INTRODUCTION. 

An    accumulation    of   detritus,    composed    of   gravel,    sand,    silt, 
^jrround   ice,  and  residuary  clay,  or  glacial  moraines  and   erratic 
Ijowlders  overlain  by  peat  and  moss,  forms  a  widely  spread  mantle 
of    varying  thickness  that  effectually  conceals  the  bed  rock  over 
much  of  the  surface.     Except  for  their  frozen  condition  these  de- 
jDosits  are  unconsolidated,  and,  though  their  deposition  may  have 
begun  in  the  late  Tertiary,  they  are,  for  the  most  part,  of  Quaternary 
sige,    including  both    Pleistocene    and    Recent.     They    are    of    the 
greatest  economic   importance,   inasmuch   as  they  probably  every- 
^where  contain  traces  of  gold  and  no  productive  gold  placers  are 
:found  except  in  them.     On  the  geologic  map  the  Pleistocene  and 
IRecent   sediments   are    not    differentiated    from    each    other,   since 
most  of  the  Recent  deposits  overlap  and  merge  with  the  Pleistocene. 
The  areas  in  which  gold  has  actually  been  found,  but  not  in  com- 
mercial quantities,  and  the  areas  which  have  produced  placer  gold 
are  differentiated  from  those  in  which  the  presence  of  gold  has  not 
yet  been  proved.    Glacial  deposits  that  are  probably  of  Pleistocene 
age  have  not  been  differentiated  from  the  sediments.    They  are  not 
important  economically,   as  no   productive   mines  occur   in   them, 
though  they  are  believed  to  contain  some  disseminated  gold. 

The  Quaternary  sediments  are  most  conveniently  classified  accord- 
ing to  their  extent  and  topographic  relations,  as  follows: 

1.  Gravel-plain  deposits,  consisting  of  gravels,  sand,  and  silts,  cov- 
ering the  coastal  and  inland-basin  plains. 

2.  Alluvial  deposits,  found  in  stream  beds,  flood  t)lains,  and  benches 
along  river  and  creek  valleys. 

3.  High-bench  deposits  of  both  fluvial  and  residuary  character, 
occurring  in  small  areas  and  at  considerable  elevation  above  the  low- 
land plains  and  the  existing  valleys. 

■Collier,  A.  J..  Coal  resources  of  the  Yukon:  Bull.  T'.  S.  Geol.  Survey  No.  218,  1903, 
n     17. 


TliG  deposits  of  the  first  group  ure  most  extensive  in  area  and  also 
in  ii*^pth.  They  form  the  i^iirficial  eovering  of  all  tlit^  coastal  plains 
ant]  inhnd  basins  that  are  sueh  marked  features  of  the  topography. 
In  general  they  are  all  of  similar  rlniracter*  roji^isting  of  siltw,  sandi^y 
and  graveln,  which,  iis  a  rnUs  bccoTiM.'  eoarner  ne4ir  the  foothiUg, 
Although  they  indnde  depositn  of  two  types — namely,  marine  aAr? 
laeustrine— they  are  probulilv  nearly  identical  in  the  niethoil  of  their 
d*! position,  as  shown  on  pagen  1)O--01-  More  than  half  of  the  ik*pfjsits 
of  this  type  are  found  on  the  extensive  hnYhuids  tha*  fringi^  both  the 
northern  ami  southtMii  coasts.  The  Arctic  coastal  jdain,  wlndi 
extends  from  Cape  Prince  of  Wales  to  Cap*>  Espenberg,  has  an  aver- 
age width  of  about  15  miles  and  an  approximate  area  of  ^,500  stjuare 
miles.  Along  its  southern  margin  the  gravels  are  from  100  to  'JTO  fi^et 
above  sea  level  and  seem  to  lap  over  the  surface  of  the  York  Plateau, 
which  rises  toward  the  south  by  a  very  gentle  slope.  Very  little  is 
known  regarding  the  detail  of  this  deposit.  Near  its  southern  edge 
it  contains  some  beds  of  gravel  derived  from  the  schists  and  lime- 
stones of  the  immediate  viciiiity.  Along  the  coast  the  mater inl  i*^  finer 
and  by  the  action  of  waves  and  wind  it  has  l>een  piled  up  in  sand 
dunes.  The  streams  flowing  across  the  plain  have  trenched  their  l>eds, 
exposing  numerous  sections  of  the  upi)er  part  of  the  deposit,  in  some 
of  which  a  laycM*  of  black  silt,  several  feet  thick,  overlies  the  gravels 
and  sands.  Kemains  of  the  mammoth  and  other  extinct  manmials 
have  been  s(hmi  in  this  layer,  but  no  marine  fossils  are  known  to  have 
been  discovei'ed. 

The  leering  Sea  coastal  plain  extends  with  some  interruptions  from 
the  north  shore  of  Port  Clarence  to  (lolofnin  Bay.  In  some  places  it 
has  a  width  as  great  as  7  ndles,  though  it  is  in  general  much  narrower. 
I;  (litl'ers  from  the  Arctic  coastal  plain  in  that  the  hills  rise  abruptly 
/roin  its  inland  margin.  North  of  Port  Clarence  the  deposit  consist^ 
mainly  of  gravel  and  has  considerable  thickness  near  the  shore,  but 
thins  out  ])ercej)tibly  near  the  hills,  where  the  harder  rocks  are  locally 
ex|)Osed  in  stream  beds.  Some  ine(|ualities  in  tlie  elevation  along  the 
coast  arc  best  explained  as  the  result  of  unequal  uplifting.  I^etween 
Poi't  (Marence  and  Siuuk  Rivei'  also  the  dej)osit  is  very  thin  in  some 
|)laces,  as  is  shown  l)y  bed  rock  oiitcr()|:)ping  along  the  beach  escarp- 
m(Mit.  Here,  too,  there  is  some  evidence  of  deformation,  for  part  of 
the  surface  is  depressed  below  sea  level  north  of  Cape  AVoolley. 

The  gravel-j^lain   deposits  have  been   examined   more   thoroughly 
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Cripple  River  and  Cape  Nome.'^  This  plain  is  roughly  crescent 
shaped  and  has  a  maximum  width  of  5  miles.  It  is  bounded  on  its 
seaward  side  by  a  low  esca;rpment  from  10  to  20  feet  high,  from  which 
it  rises  to  an  elevation  of  about  100  feet  at  the  foothills.  The  detailed 
topographic  map*  of  this  plain  shows  that  there  is  considerable 
inequality  in  the  surface  levels,  though  without  careful  measurement 
this  would  scarcely  be  detected.  About  half  a  mile  back  of  the 
present  beach  a  well-defined  escarpment  that  is  evidently  the  inland 
margin  of  an  older  beach  line  can  be  recognized  for  about  10  miles. 
The  western  extension  of  the  line  of  this  escarpment  falls  along  the 
seaward  side  of  a  depression,  occupied  for  several  miles  by  Snake 
River,  which  was  probably  a  lagoon  formed  on  a  low  portion  of 
the  plain  surface  and  shut  in  by  the  same  beach  that  lay  along  the 
base  of  the  escarpment.  The  inequality  of  the  surface  levels  may  be 
due  either  to  unequal  deposition  or  to  deformation.  The  deposit 
varies  in  thickness  from  30  to  more  than  100  feet.  It  rests  upon  a 
somewhat  uneven  bed-rock  surface  that  slopes  gently  from  the  foot- 
lills  to  the  shore.  Many  excavations  which  have  been  made  in  this 
leposit  show  that  it  is  composed  mainly  of  stratified  gravels,  sands, 
md  silts  overlain  by  peat  and  moss.  The  stratification  is  more  or 
ess  irregular,  indicating  varying  water  currents.  The  pebbles  are 
"or  the  most  part  derived  from  the  rocks  of  the  Nome  group,  though 
:hey  include  some  granite  bowlders  and  pebbles  which  could  have 
;ome  only  from  the  Kigluaik  region.  Near  the  coast  the  pebbles  are 
kW'ell  rounded,  but  toward  the  foothills  considerable  semiangular 
material  is  found  in  places.  On  this  account  a  possible  glacial 
origin  for  part  of  the  deposit  has  been  suggested,  though  such  ma- 
terial could  doubtless  have  been  contributed  as  talus  by  local  slides 
from  the  higher  ground  north  of  the  lowland,  or  could  have  been 
brought  by  floating  ice. 

No  remains  of  mammoths  or  other  extinct  mammals  have  been 
found  in  this  deposit,  but  marine  fossils  are  common  on  the  dumps 
of  prospect  holes  within  a  mile  of  the  beach.  The  species  represented 
are  identical  with  forms  now  living  in  Bering  Sea.  This  portion 
of  the  coastal  plain  is  described  in  considerable  detail  in  connection 
with  the  economic  geology  (pp.  156-170),  as  it  is  known  to  contain 
gold  values  in  many  places,  and  the  method  of  its  exploitation  is  one 
of  the  difficult  problems  of  placer  mining. 

Little  is  known  to  the  writer  of  the  portion  of  the  coastal  plain 
lying  between  Cape  Nome  and  Topkok  Head,  though  it  is  one  of 
the  largest  areas  on  the  south  side  of  the  peninsula.  From  the  evi- 
dence of  the  topographic  map  it  is  inferred  that  it  has  been  slightly 

•See   Brooks,    A.    H..   Reconnaissances    in    the   Cape   Nome   and   Norton    Bay    regions, 
Almska,  in  1900,  a  special  publication  of  the  U.  S.  Geol.  Survey.  1901,  p.  81. 
•Nome  special  map,  U.  S.  Geol.  Survey.   190G. 


depressed  in  its  wetiteni   pari,    fonninpf  tlie  iriU^t   known   as  Poi 
Safety.     In  paHs  n{  U'».s(   llio  tU^pusUii  art*  c^cmipnnitivt^ly  thin, 
that  soiuf  of  the  streams  lm%e  cut  thmugli  to  btnl  rock* 

GraveWjiil  silt  <Iepo^iitsre*^.mil)liii|;;  Uiost*  of  the  cimstal  plaiut^  occur 
in  a  rernarkubk*  serit»H  of  **xt<MLsivo  vulkv  lowhind  area>^  that  charac- 
terixe  tho  topogmiiliy  <^f  the  interior.     These  (k^posllt^  differ  suiwrli- 
cially  from  thoj^  of  the  coastal  plains  only  in  the  fact  that  they  ar^ 
wholly  .siirroiindeil  by  u]3hind^.     The  areas  are  t)est  dpBiguat4?d  by  th^ 
Jiainet^  of  the  riv-ery  which  drain  them  or  the  lakes  or  Vjays  whieh  they 
Hirroiind,  nn  the  Inuiruk,  Agiapnk,  Kussitrin,  Nuikluk,  Golofnin,  ann 
Fish  River  lowlands.     Of  thei^%  the  first  three  are  all  but  connected 
with  eacli  other  by  contiruous  deposits,  only  s^hort  rock  canyons  cut 
in   low   plateaii   surfaces  intervening  along  Agiapuk  and   Knzitrin 
rivers*     The  Inuiruk  lowland  deposit  also  extends  without  interrnp- 
tion  up  Kruzguiuepa  Kiver  and  over  a  broad j  iht  diWde  to  the  upper 
waters  of  Nitdiluk  River,  but  from  that  point  the  deposit  i.s  not  con*^ 
tin  nous  to  the  lowland  basin  on  the  lower  Xiukluk,  as  between  the  two 
the  river  flows  for  several  niiles  through  a  rock -cut  valley.     The  sedi- 
ments of  the  lower  Ninkluk  basin  are  continuous  along  Fish  Riveofl 
with  those  which  surround  (iolofniu  Sound,     The  Fish  River  basin  ^ 
more  isc»lated  than  the  others^  and  its  deposits  are  not  connected  with 
any  of  them* 

In  some  of  these  basins  there  is  evidence  tlmt  the  vr^iical  extent  o 
the  de])osit  has  been  much  greater  and  that  a  considerable  upper  por- 
tion has  been  removed  by  erosion.  AVhether-  or  not  they  have  suf- 
fered deformation  anywhere  lias  not  been  positively  proved,  though 
(lie  writer  is  of  the  o|)inion  that  they  have  l)een  so  affected  and  that 
certain  mesa-like  buttes  and  terraces  describcMl  elsewhere  are  remnants 
of  dirt'ereiitially  uplifted  portions. 

The  gravel  plain  of  the  Inniriik  lowland  surrounds  a  large  body  of 
brackish  water  called  Imuruk  Basin.  This  basin  is  connected  with 
Bering  Sea  by  a  sinuous  tidal  channel  called  Tuksuk  Channel,  which 
lies  in  a  j)n'cipitous  canyon  cut  to  a  dej)th  of  100  feet  or  more  in  what 
appears  to  b(*  the  elevated  floor  of  a  broader  valley  connecting  the  in- 
land basin  with  the  coast.  The  various  rivers  which  discharge  into 
Inniruk  Basin  are  gradually  extending  their  deltas,  forming  plains 
which  can  not  superfi<'ially  be  distinguished  from  the  older  gravel- 
])lain  de|)osits.  Tlu^  materials  (le})()sited  at  the  outer  margins  of 
these  deltas  consist  of  fine  silt,  with  only  here  and  there  piles  of  coarse 
gravel  floated  down  on  cakes  of  ice,  but  near  the  heads  of  the  deltas 
the  ri\'er  beds  and  banks  are  com|)osed  of  gravel.  The  surface  of  the 
])lain  is  dotted  over  with  j)onds,  many  of  which  are  abandoned  river 
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rests  upon  frozen  silt.  There  is  reason  to  believe  that  some  at  least 
of  these  bodies  of  ice  are  frozen  ponds  covered  with  moss.  Near 
the  northern  margin  of  this  lowland  there  are  several  mesa-like  gravel 
buttes  20  feet  or  more  high,  remnants  of  a  higher  surface  removed  by 
erosion. 

Along  Kruzgamepa  River  the  gravel  plain  stands  at  consider- 
able elevation,  and  sections  exposed  along  the  river's  trench  show 
coarse  gravel  and  bowlders  overlain  by  finer  gravels  and  silts.  No 
data  regarding  the  thickness  of  this  deposit  are  available  except 
around  the  margins,  where  in  some  places  the  streams  have  cut 
^lirough  to  bed  rock.  No  fossil  remains  have  been  reported,  though 
nukrine  shells  are  known  to  exist  in  the  recent  sediments  of  Imuruk 
5a.  sin. 

Xjittle  is  known  in  detail  regarding  the  deposit  covering  the  Agia- 
pi^^alc  lowland,  though  one  prospect  hole  is  said  to  have  been  sunk  to  a 
d^;j)th  of  65  feet  without  reaching  bed  rock.  The  section  disclosed 
ir^^  this  hole  consisted  for  the  most  part  of  blue  clay  wuth  some  vege- 
tm.l3le  fragments.  At  its  west  end  this  deposit  overlaps  a  plateau  that 
is-  correlated  with  the  York  Plateau,  and  here  the  uj^per  part  of  the 
d^^  j)osit  consists  of  gravel  with  a  thin  covering  of  peat  and  moss. 
F'^zz^ssil  remains  of  the  mammoth  derived  from  these  deposits  have  been 
fo'und  in  some  of  the  river  gravels. 

The  Kuzitrin  lowland  deposit  is  the  most  extensive  of  the  basin 

a:«:-^as.    The  upper  layers  seem  to  be  more  gravelly  than  those  of  the 

Ixiciuruk  deposit.     Around  its  western  and  northern  borders  there  is 

a.    terrace  from  50  to  100  feet  above  the  general  level,  from  which  it 

^s.    separated  by  a  marked  escarpment.     There  are  also  many  isolated 

gi^vel  buttes  from  25  to  50  feet  high  scattered  over  the  lower  portion. 

Tliese  features  are  regarded  as  residual  parts  of  an  older  surface  left 

^hind  in  the  erosion  that  has  reduced  the  surface  to  the  present  level. 

^^mains  of  the  mammoth,  horse,  and  other  mammals,  together  with 

^^Bae  large  logs  and  accumulations  of  vegetable  material,  have  been 

^oimd  in  these  buttes  and  terraces.     Near  the  east  end  of  this  basin 

the  gravels  are  overlain  by  lavas  that  flowed  from  vents  near  the 

^^i  of  Kuzitrin  River. 

The  deposits  of  the  lower  Niukluk  are  continuous  with  those  which 
surround  Golofnin  Sound.  Excavations  which  have  been  made  near 
^Uncil  show  several  feet  of  sandy  silt  overlain  by  several  feet  of 
P^t,  but  in  general  little  is  known  of  the  composition  or  thickness  of 
^ue  deposit.  Fragments  of  mammoth  bones  have  been  found  at  Coun- 
^  and  White  Mountain.  At  the  head  of  Golofnin  Sound  the  gravel 
plain  merges  with  the  growing  delta  of  Fish  River.  A  portion  of  the 
S^vel  plain  between  Golofnin  Bay  and  Golofnin  Sound  has  been 
elevated  from  10  to  20  feet  since  it  was  deposited. 
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The  deposits  of  the  Fish  River  basin  have  been  described  by  Men- 
denhall  as  follows : « 

Fish  Kivor  hasin  al)Ove  the  gorge,  already'  described  amoug  the  topographK' 
features  as  the  gjithering  point  for  the  upi)er  tributaries  of  the  river,  is  filled 
with  siDiilar  deposits,  coarse  near  the  borders  and  finer  near  the  center  of  tl»e 
basin.  Tlie  depth  of  this  filling  is  purely  conjectural,  but  presumably  is  not 
great.  No  islands  of  bed  rocis  exist  within  it  as  far  as  known,  but  sand  and 
gravel  prominences,  rising  in  some  instances  30  or  40  feet  above  the  general 
level,  are  abundant  over  it,  and  are  interpreted  as  remnants  of  a  slightly  higher 
level  generally  destroyed  by  the  meanderings  of  the  stream. 

At  the  west  end  Ophir  Creek  drains  a  part  of  this  basin  tlirough 
a  narrow  canyon,  cut  in  an  ill-defined  plateau  which  the  gravel 
deposits  seem  to  overlap.  Mammoth  remains  have  been  found  on 
the  gravel  bars  of  some  of  the  streams. 

ORIGIN  OF  TEE  OKAVEL  PLAIH8. 

From  the  above  descriptions  it  may  be  inferred  that  these  deposits 
are  probably  all  comparatively  shallow  and  that  they  rest  upon  bed- 
rock surfaces  produced  by  erosion.  The  gravels,  sands,  and  silts  are 
for  the  most  part  ancient  deposits  laid  down  by  water,  and  the  upp^r 
layer  of  j^eat  and  moss  is  the  product  of  vegetable  growth  and  accu- 
mulation still  in  progress.  In  the  Coastal  Plains  the  erosion  of  the 
underlying  bed  rock  may  have  been  either  subaerial  or  marine, 
though  the  minor  inequalities  noted  in  some  places  would  seem  to 
indicate  stream  rather  than  wave  action.  The  sediments  are  littoral 
and  lagoon  deposits  laid  down  during  i)eriods  of  subsidence,  and 
were  contributed  for  the  most  part  by  streams  from  the  upland, 
though  along  the  inland  margins,  especially  where  foothills  rise 
abruptly,  local  slides  probably  contributed  some  talus.  ^\Tiile  the?e 
deposits  were  again  being  elevated  the  level  sometimes  remained  con- 
stant long  enough  for  beaches  like  the  ancient  one  near  Nome  to 
form.  In  their  elevation  these  plains  have  suffered  slight  deforma- 
tion, some  portions  being  brought  above  sea  level  and  others  being 
.still  submerged.  Parts  of  the  Arctic  coastal-plain  deposit  appear 
to  rest  on  and  overlaj)  a  depressed  portion  of  the  York  Plateau, 
whereas  a  portion  at  least  of  the  Bering  Sea  coastal-plain  floor  i^ 
certainly  of  more  recent  erosion  than  that  plateau.  It  may  there- 
fore be  inferred  that  a  j^art  at  least  of  the  Bering  Sea  gravel  pla^" 
is  of  more  recent  origin  than  that  along  the  Arctic  coast. 

The  interior-basin  plains  are  in  all  probability  mainly  the  prodiiet^ 
of  subaerial  erosion  and  deformation.  In  the  course  of  these  pi^*' 
esses  broad,  flat  river  valleys  wen*  carved  from  the  bed  rock  and 
partially  covered  with  alluvium,  after  which  deformations  of  the  sur- 
face have  occurred,  depressing  some  of  the  valleys  Ijelow  sea  levelto 

« M»'n(l<'nlmll.    \V.    C.    RiM'oniunssanccs   in    iho    (\ipo    Xoino    and    Norton    Hay   r«»gion^ 
Alaska,  In  ISHMi,  a  Hixulal  publication  of  the  W  S.  iloo\.  Survey,  11K)1,  p.  207. 
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Ponii  bays  of  the  type  of  (irantley  Harbor  and  (iolofnin  Sound,  and 
mpounding  the  water  of  others  to  form  lakes.  Imurnk  Basin  is 
orobably  an  example  of  the  latter  type.  By  the  deformation  of  an 
>ld  river  valley  its  waters  were  impounded,  fornung  a  lake  or  system 
>f  lakes  coextensive  in  area  with  the  Imuruk,  Agiapuk,  and  Kuzitrin 
Lowlands.  These  lakes  remained  in  existence  from  the  time  of  this 
Lleformation  until  Tuksuk  River  could  cut  its  gorge  to  the  lake-bed 
level  through  the  barrier  at  the  lower  end  of  Imuruk  Basin.  A  later 
:lepression  has  permitted  the  sea  again  to  invade  Imuruk  Basin  along 
Tuksuk  Channel.  It  seems  probable  that  the  greater  part  of  the  silt, 
f^nd,  and  gravel  covering  of  these  lowland  areas  was  laid  down  in 
Hie  deltas  of  rivers  discharging  into  these  lakes  in  much  the  same 
nianner  as  such  deltas  form  at  the  present  time.  They  are  therefore* 
for  the  most  part  lacustrine  deposits.  Since  their  deposition  parts  of 
the  original  surface  have  been  eroded  and  reduced  to  a  lower  level. 
f^^rom  the  many  evidences  of  recent  warping  afforded  by  some  of  the 
>ase-leveled  plains,  more  especially  along  the  coasts,  it  is  inferred 
hat  these  inland-basin  plains  have  also  suffered  differential  move- 
■^ents  and  that  the  eroded  areas  are  in  all  probability  only  differ- 
entially uplifted  parts.  Erosion  of  elevated  parts  may  have  begun 
^hile  deposition  was  still  in  progress  over  depressed  portions.  The 
>Wer  Ni'ukluk  and  Golofnin  gravel  plains  were  probably  laid  down 
Mainly  as  delta  deposits  over  the  bed  of  a  large  bay  or  sound 
ormed  by  the  subsidence  of  a  broad  river  valley. 

The  Fish  River  basin  is  more  difficult  to  account  for  than  the  others, 
nd  at  present  our  information  regarding  it  is  too  meager  to  afford  a 
^tisfactory  explanation  of  its  origin.  The  dej)ression  is  probably  the 
^sult  of  the  deformation  of  an  old  erosion  surface,  though  the  detail 
^  its  history  has  not  yet  been  ascertained. 

AGE  OF  THE  GRAVEL  PLAINS. 

It  has  been  shown  that  though  deposits  of  this  type  are  still  form- 
fig  as  deltas  in  some  of  the  bays,  most  of  them  were  formed  previous 
o  the  latest  earth  movement,  by  which  the  gravel  plains  were  brought 
o  their  present  level.  The  presence  of  mammoth  and  other  mam- 
r^alian  remains  indicates  that  the  deposits  containing  them  are  of 
^leistocene  age  and  the  apparent  conformity  of  the  beds  throughout 
He  sections  exposed  suggests  continuous  deposition  from  Pleistocene 
o  recent  time. 

The  remains  of  these  extinct  mammals  and  of  large  trees  also  indi- 
^te  a  climatic  condition  vastly  different  from  the  jDresent  one.  A 
generally  warmer  and  moister  climate  must  have  j^revailed,  and  as  a 
*^ult  rock  decay,  erosion,  and  consequent  deposition  must  have  been 
^uch  more  rapid  than  at  present.  That  the  i)recipitation  of  moisture 
Jitid  consequently  the  erosive  and  transporting  power  of  the  rivers 
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was  greater  during  a  previous  period,  presumably  the  Pleistocene,  is 
also  proved  by  the  extinct  glaciers  of  the  mountain  areas.  The  con- 
clusion seems  warranted,  therefore,  (1)  that  previous  to  and  at  the 
time  of  the  deposition  of  most  of  the  gravel  plains  rock  decay  wa<  • 
more  rapid,  and  consequently  the  depth  of  the  zone  of  weathering 
was  greater;  (2)  that  the  streams  and  rivers  were  more  active  agents 
in  removing,  transporting,  and  redepositing  residual  materials  than 
they  are  now.  In  brief,  the  sediments  of  the  gravel  plains  were  accu- 
mulated under  conditions  which  were  probably  much  more  favorable 
to  rapid  deposition  than  those  now  existing. 

ALLUVL\L   DEPOSITS. 
GHASAOTER  AKS  EXTEHT. 

The  deposits  included  in  the  second  group  differ  from  those  of  the 
gravel  plains  in  two  particulars — namely,  (1)  the  areas  covered  are 
of  less  extent  and  are  generally  confined  to  river  and  creek  valley?=^-r 
where  they  occur  in  the  stream  beds  and  flood  plains  and  on  terrace^^ 
and  benches,  with  local  remnants  of  older  drainage  systems  in  th.^ 
divides;   (2)   they  are  the  product  of  ordinary  stream  action.    I*^ 
many  places  these  deposits  merge  with  those  of  the  gravel  plaia?^ 
around  their  margins,  and  in  such  places  the  differentiation  of  thetv<^ 
is  necessarily  arbitrary.     They  are  confined  to  channels  eroded  in  th^ 
bed  rock  by  rivers  and  creeks  and  rest  upon  surfaces  formed  by  sucli 
erosion.     In  general  the  gravels  show  less  attrition  than  those  of  the 
gravel  plains  and  become  progressively  coarser  toward  the  heads  of 
the  streams.     Although  in  an  economic  sense  these  deposits  are  of 
greater  importance  than  any  of  the  geologic  formations  j^et  described 
and  are  of  general  distribution,  many  of  the  areas  covered  by  them 
are  too  small  to  appear  if  reduced  to  the  scale  of  the  geologic  map- 
As  many  of  them  are  auriferous  they  will  be  described  in  detail  under 
the  heading  "  Description  of  placers  "  (pp.  142  et  seq.),  but  the  fol- 
lowing general   statements   regarding  them  may   be   appropriately 
inserted  here: 

The  alluvial  deposits  consist  for  the  most  part  of  gravels,  sands,  and 
clays,  and,  like  the  plain  gravels,  are  overlain  by  peat  and  moss  except 
along  creek  and  river  beds.  As  a  general  rule  the  coarser  and  heavier 
sediments  are  near  tlie  bottom  and  the  finer  and  lighter  material-^ 
near  the  top.  Although  the  gravel  pebbles  can  usually  be  traced  to 
bed-rock  sources  within  the  drainage  basins,  many  of  the  j^ebblesaDu 
bowlders  have  been  transported  to  their  present  positions  by  other 
agencies  than  the  existing  streams.  Such  transported  material  is  ^ 
a  rule  confined  to  certain  layers  of  the  alluvium.  The  gold  9J^^ 
other  heavy  minerals  contained  in  the  alluvium  are  generally  found 
concentrated  in  a  lower  layer  which  rests  upon  bed  rock  and  is  calW 
the  pay  streak,  but  in  a  few  places  the  gravel  resting  directly  upon 
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he  bed  rock  is  barren  and  is  overlain  by  a  bed  of  impervious  clay 
•ailed  a  false  bed  rock,  above  which  the  gold  and  other  heavy  minerals 
ire  concentrated. 

ORIOnr  AND  AGE  OF  TEE  ALLXTVIXrM. 

The  topography  of  Seward  Peninsula  is  characterized  by  broad, 
lat,  and  comparatively  straight  trunk  valleys  in  which  the  streams 
ippear  to  be  disproportionately  small.  Into  these  valleys  the  waste 
From  the  uplands  is  carried  by  the  many  tributaries,  which,  while  the 
mows  are  melting,  are  overloaded  with  sediments  partly  plucked 
From  their  beds  and  partly  moved  down  their  valley  slopes  by  creep- 
ng  slides.  Such  creeping  movements  are  more  pronounced  on  the 
lorth  and  east  sides  of  the  valleys,  as  on  such  slopes  the  sun's  heat  is 
nore  intense ;  consequently  many  of  the  streams  have  been  crowded  to 
'he  south  and  west  sides  of  their  valleys  and  the  alluvium  along  the 
north  and  east  sides  may  be  covered  with  talus  or  slide  deposits. 
WTierever  in  mining  operations  abandoned  channels  have  been  found 
they  generally  lie  on  the  north  and  east  sides  of  the  valleys  and  their 
gavels  are  overlain  by  slide  deposits. 

It  has  been  shown  that  these  deposits  are  still  accumulating  and 
Use  that  in  some  places  they  merge  with  the  gravel-plain  deposits, 
vhose  age  has  been  determined  to  be  for  the  most  part  Pleistocene, 
tforeover,  from  the  fact  that  in  a  few  places  mammoth  remains  have 
een  obtained  from  the  alluvial  gravels,  it  may  be  inferred  that  their 
eposition  was  in  process  during  the  Pleistocene  and  has  continued  to 
le  present  time.  It  has  been  shown  that  during  that  epoch  erosion 
as  much  more  active  than  at  present;  the  streams  were  larger  and 
resiimably,  although  heavily  burdened,  they  were  not  overloaded 
ith  detritus.  Such  conditions  would  be  more  favorable  for  the 
>ncentration  of  heavy  minerals  than  those  at  present  prevailing,  on 
3COiint  of  the  great  activity  of  the  streams  and  the  more  rapid  disin- 
»gration  of  the  bed  rock. 

IIKJII-BENCII    DKPOSITS. 
GHARACTER  AND  EXTENT. 

The  group  of  high-bench  deposits  includes  many  accunuilations 
f  small  extent  and  heterogeneous  character  which  resemble  each 
ther  mainly  in  their  topographic  location  and  elevation.  They  occur 
n  benches,  terraces,  flat  divides,  and  plateaus  high  above  the  level  of 
he  gravel  plains  and  disconnected  with  the  valleys  of  existing 
breams.  The  materials  contained  vary  from  distinctly  rounded, 
rater-laid  gravels  to  angular,  residual  gravels  formed  in  place, 
nd  between  these  extremes  they  vary  in  the  proportion  of  residual 
nd  waterwom  materials  contained.     Several  of  the  high  benches 
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near  Nome  an*  kiH»\vn  lu  \w  iiurifcrous  nml  inx'  dcseribed  in  ildrtil  |te  ^ 
on  i>iigOi*  lD8-iiO0,  but  of  most  of  i^yi-li  deponits  in  otlier  looalitiFJs  littk 
IB  knowu^  as  they  are  in  general  mantled  with  moss,  pe^it,  and  earth, 
antl  no  natural  section?^  are  oxj>osed.  Many  exteD,'^ive  platenu  mv- 
faceii  are  covered  with  residua  1  ehiy  mixed  \\^itli  ang^idar  Iw widen 
and  pebblen,  among  which  some  rounded  pebbles  can  occa.sionaUy  be 
found.  These  dejR^it^s  are  probably  not  very  thick  and  through  them 
the  bed  rock  outcropH  in  many  places.  Generally  they  are  not  shown 
on  the  gfH.iIogic  map*  The  distinctly  water-laid  materiak  are  com- 
monly of  great  thicknesvH,  hut  they  are  confined  to  small  areas,  many 
of  which  are  defined  by  channel  walb  and  can  not  be  sliown  ou  the 
scale  of  the  geologic  maji. 

ORIGDI  Aim  AQl  07  l^HE  HldH  BEHGHEE. 

Tlie  walerworn  gravels  are   in  general  ct)nfined   to  more  or  kwr^ 
definite  4:hMnnel.s  niul  can  be^t  be  accounted  ftu*  as  tlie  depoi^its  foran'^^ 
by  the  streams  of  older  druimige  systems.     In  many  places  they  an.^^^ 
overlain  by  angidar  and  other  residual  materials,  havuig  probably'^ 
IxKin  covered  by  creeping  slides;  from  higher  hills.     The  broad  plutcai^^ 
surfacas  are  topographic  features  due  to  erosion  when  the  land  stoot^^^ 
at  lower  elevations.    On  siieli  surfaces  de|X)sits  of  washed  gravel  are??^ 
to  lie  expected   in  old  flood  plams  and  stream  channclt^,  but  since^^ 
their  elevation  much  of  the  gravel  hnn  citlier  been  washed  away  orr:^ 
dii^integrated,  leaving  the  remnants  of  the  old  gravels  mixed  with  the^^ 
products  of  bod-rock  weathering. 

\o  fossil  remains  that  would  give  a  clue  to  the  age  of  these  de- 
posits have  ])oen  found.     They  are  certainly  older  than  the  alluviuu   ^- 
of  tlie  exist iiio-  streams,  and  since  nuicli  of  the  detritus  from  the  higl 
interstreani  areas  must  have  washed  down  to  form  the  gravel  plain^ 
it  is  pi'ol)al)ly  safe  to  assume  that   the  high-bench  gravels  are  als 
older  than  the  greater  part  of  tlie  gravel-plain   deposits;  in  briei 
tlicy   are  rieistocene  or  older.     It  has  been  shown  that  during  tli^^c 
Pleistocene  tlie  conditions  ^vere  more  favoral)le  to  rock  decay  than  {=^^t 
l)resent.     It  is  therefore  pr()l)a])le  that  most  of  these  high-bench  d^"^- 
j^osits,  including  both  the  water-laid  and  the  residual  portions,  we^^re 
formed  befoiv  the  end  of  the  Pleistocene. 


(;LAC1AT1()N    AM)   (JLACIAL   DEPOSITS. 

\\^rv   little   has   been   added   during  the   last    three   years  to  t^Kit' 
g*>ncrui  infonuati(Mi  uji  ghu*ialinn  and  glacial  deposits  publislietl      ^^ 
I  he  report  of  li^OO,"  which  uieiv  be  briefly  summari/ed   as  follow^  >' 
( 1 )  Se^vard  TVnin^itla  has  sutfVi'cd  no  general  glaeialioii  at  any  veviri^t 
tinie  and  none  of  tlie  nneonsolidiited.  deiiosits  ttms  I'ar  descriljed  cjt^J 
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be  accounted  for  in  this  way.  This  is  proved  by  the  mantle  of  resid- 
uary waste  resting  undisturbed  upon  the  rock  from  which  it  was  de- 
rived and  by  needles  and  crags  of  bed  rock  projecting  through  the 
residuary  soil.  (2)  In  its  nonglaciated  character  this  region  does  not 
differ  from  other  parts  of  northwestern  Alaska  surrounding  Bering 
Sea  which  have  been  visited  and  described  by  geologists.**  (3)  Al- 
though there  has  been  no  regional  glaciation,  the  valleys  of  the  higher 
mountain  areas  have  been  occupied  by  hx'al  glaciers,  some  of  which 
were  rather  extensive.  The  Kigluaik  and  Bendeleben  mountains  were 
the  two  main  centers  of  such  glaciation,  but  there  were  probably  also 
smaller  glaciers  which  did  not  extend  beyond  the  mountain  gorges  in 
several  of  the  lower  mountain  areas.  (4)  In  the  glaciated  region  the 
valleys  have  typical  U-shaped  cross  sections,  and  head  in  glacial 
cirques,  and  some  of  the  higher  valleys  still  contain  remnants  of  these 
former  glaciers.  Around  the  flanks  of  the  mountains  where  the  val- 
leys debouch  on  the  lowlands,  moraines  and  morainal  lakes  are 
common  features.  (5)  Beyond  the  limits  of  the  definite  morainal 
deposits  erratic  bowlders  are  strewn  over  the  surface  up  to  elevations 
of  1,000  feet.  These  bowlders  are  provisionally  attributed  to  the 
action  of  floating  ice. 

The  explorations  since  1900  have  added  only  cumulative  evidence 
as  to  the  truth  of  the  above  statements,  but  much  detailed  informa- 
tion regarding  the  extent  and  character  of  the  glacial  phenomena 
'las  been  obtained.  The  glaciers  of  the  Kigluaik  Mountain  area 
vere  the  most  active  and  extensive.  Practically  every  valley  is 
laciated  and  has  the  characteristic  U  shape,  though  in  the  floors  of 
[>me  of  them  V-shaped  canyons  have  been  cut  by  streams  since  the 
laciers  disappeared.  Glacial  moraines  extend  to  the  surrounding 
>^wlands  on  all  sides  of  this  mountain  mass,  but  are  most  extensive 
11  the  south  side,  where  there  were  at  least  two  great  piedmont 
laciers.  .During  the  time  of  greatest  glaciation  the  ice  from  many 
iountain  gorges  discharged  into  the  upper  Sinuk  Valley,  forming 
tiere  an  immense  glacier  of  the  piedmont  type.  Apparently  this 
alley  was  filled  to  overflowing  and  tongues  of  ice  were  forced 
hrough  two  low  passes  into  Stewart  Valley,  which  was  also  filled  to 
depth  of  several  hundred  feet.  The  southern  limit  of  the  definitely 
[lorainic  deposits  of  this  glacier  is  in  Sinuk  Valley,  a  short  distance 
>elow  the  mouth  of  Stewart  River  and  about  4^  miles  from  the  base 
»f  the  mountains. 

•  Dan,  W.  H.,  Alaska  and  Its  resources,  1870,  p.  462.  Mulr,  John,  Report  of  the  cruise 
*t  the  U.  S.  revenue  steamer  Corwin  in  the  Arctic,  1S81,  pp.  i:'.3-145.  Dawson,  G.  M., 
Geological  notes  on  some  of  tlie  coasts  and  islands  of  Bering  Sea  and  vicinity :  Bull. 
3eol.  Soc.  America,  vol.  5,  18J>4,  pp.  117-140.  Stanley-Brown.  J..  (Jeologj-  of  the  Tribilof 
Islands:  Bull.  Geol.  Soc.  America,  vol.  3,  1892,  pp.  49G-r)00.  Nordensklold,  A.  E.,  The 
rojBge  of  the  Vega,  New  York  ed.,  1882,  pp.  561),  r)83-;">85.  Gilbert,  G.  K.,  Glaciers  and 
{glaciation:  Harrlman  Alaska  Expedition,  vol.  :3,  1904,  pp.  18(3-194. 
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Definite  moraines  have  not  teen  recognized  as  such  in  Nome  Vallt^^^^ 
which  heads  in  the  Kighiaik  Mountains  imd  leads  dirL^ctly  southwa^c^f/' 
but  the  valley  of  Sahnoii  Lake  is  known  to  have  been  occupied  b^^^a 
great  ic«  mass,  from  m  hich  a  glacial  tongue  extended  southward  acrczj^ 
the  divide  into  Eldorado  Valley,  the  exti^eme  moraine  being  aboiit^ 
miles  south  of  the  base  of  the  mountains. 

Ill  the  BendelebeJi  Mountains  glaciation  w^as  not  nearly  so  active  uis 
in  the  Kighniik  Range*  Though  prarlically  all  tlie  valleys  are  gk- 
ciated  and  many  cii*ques  and  U*shai>ed  gorges  are  to  bt*  soeJi,  the  finnge 
of  moraines,  which  is  so  pronounced  around  tht?  Kigluaik  Mountains^t 
j^*L*ms  to  be  wanting  in  this  range* 

In  the  lower  mountain  areas  the  evidences  of  glaciation  consist  only 
of  U-sIiaped  valleys,  some  of  which  contain  small  moraines.    Only^ 
very  local  and  small  glaciers  ai*e  indicated.     In  many  places  the  snow    ^ 
winch  accumulates  to  gi*eat  depths  in  gulches  oji  hillsides,  even  a^^ 
coinparatively   low   elevations,   remains  until   late   in   the  smmnei--"  -^ 
Wliile  melting  these  snowdrifts  often  move  after  the  manner  of  rea    ^ 
glaciers^  and  when  they  have  disappeared  disclose  paved  beds  w^hicL:^ 
resemble  small  glacial  cirques.     In  the  aV>sence  of  niorainic  depositfe^ 
therefore,  it  is  difficult  to  distinguisli  small  glacial  valleys  formed  b^^' 
jierennial  glaciers  now  extinct  from  tiiusc*  which  may  be  due  to  loctm  1 
annual  glaciers  still  in  operation.     It  is  evident  that  a  climatic  change- 
producing  a  sliglu  iiicrea^e  in  the  piH?cipitatinn  of  ^now  miglit  l->* 
sufficient  to  convert  these  annual  glaciers  into  perexmial  ones  and  tc 
restore  to  life  the  ijlaeiers  of  the  Kigluaik  an* I  liendeleben  mountairtis 

Since  ]l)n;i  sjceunitr  to|ic>grn]>hic  iriupH*  on  a  hirge  scale,  covering  n 
riinsidenihlL*  arcn  nori  h  of  Nome,  have  Ijeen  prepared.^  This  urea 
inclutli^s  soverul  of  the  typical  valleys,  lioth  in  glaciated  and  m^iigl:!- 
cijil'^d  regions,  and  allords  n  basi>  for  Ihi'ir  (uan[)arison.  From  Ihe^^" 
msips  it  will  lie  srt^n  that,  cxi'c[)t  in  their  greuter  depth,  the  cross  see^ 
Uons  <d"  Ihr  iihiciji!i'(l  viilieys  do  !i(>t  ditlVr  materially  in  churai'ter  from 
(host*  ui  >oiiK'thnt  aro  nonghiciatrtL  In  1 1  le  ^^r iter's  ojjin ion  ])rores?:i<'s 
id'  cro^nion  now  operating  in  Alaska  uu^  c<an[jctenl  to  iiroduce  valleys 
of  Ihin  type.  !Morro\ri\  h«'yond  the  limits  of  the  gla(*ial  moraine^ 
!-hr(WJi  on  the  gcoli^glc  map  tlie  vallcv  fhiors  nn-  (Hivered  with  allu- 
\iiini  juid  Liu*  sl(jpt*s  with  residual  dcli'itni^  lhr<»ngh  which  pinnacles 
<if  bi'tl  roek  <iu(<^r{>j)  I  a*  re  ainl  t  lie  re.  If  tliesc  vallcyn  ever  con  t  a  ini'tl 
glaciers,  it  was  at  such  a  remote  period  I  lint  all  definite  surhcird  {'vf- 
Jt*!U!es  have  been  destroyed  by  snbse(]ijciit  erosion* 

Tlic  deposits  of  glacial  iirigin  which  an-  nf  sutru^cJit  extent  Uf 
lic  noted  on  the  gi'ohigit*  map  are  of  two  dislinct  tyf>eH — ^the  monuaiis 
\\n^\  the  extra nionnnic  bowlder  In'tlsi  They  nre  all  confined  tu  the 
rnin|isir!irividy  low  jireas  fringing  the  Kigluaik  ^I<ninlains.     Althongii 
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m  the  geologic  map  they  are  not  differentiated  from  other  Quater- 
lary  deposits,  their  extreme  limits  are  shown  approximately  by  broken 
ines.  The  limits  of  the  moraine  north  of  these  mountains  have  not 
)eeh  determined,  though  such  deposits  are  known  to  extend  out  for 
ome  distance  on  the  Imuruk  lowland  and  to  lie  little,  if  any,  above 
«a  level.  On  the  southeast,  south,  and  west  sides  of  the  Kigluaik 
fountains  the  limits  of  the  moraine  have  been  fairly  well  determined. 
5ast  of  the  range  the  moraines  from  Big  and  Crater  creeks  reach 
he  left  bank  of  Kruzgamepa  River.  The  moraine  from  Grand  Cen- 
ral  River  and  Fox  Creek  fills  the  whole  upper  valley  of  the  Kruz- 
^mepa  and  extends  southward  to  the  head  of  Eldorado  River.  The 
glaciers  from  the  gorges  north  of  the  Sinuk  Valley  filled  the  Sinuk 
md  Stewart  valleys  as  far  down  as  the  mouth  of  Stewart  River. 
^  phase  of  this  invasion  was  the  blocking  of  Sinuk  River  below 
i?Vindy  Creek,  forming  a  lake  in  the  Sinuk  Valley  that  persisted  long 
mough  to  permit  the  cutting  of  beach  terraces.  The  glaciers  west  of 
Grlacial  Lake  have  left  little  evidence  of  their  existence  in  the  form  of 
moraines,  though  some  of  them  must  have  extended  a  considerable 
distance  from  the  mountains. 

The  extramorainic  bowlders  and  bowlder  beds,  so  far  as  known, 
are  confined  to  the  region  south  of  the  Kigluaik  Mountains.  They 
X)nsist  of  more  or  less  angular  bowlders  of  granite,  gneiss,  and  biotite 
ehist  derived  from  the  Kigluaik  group  and  are  scattered  over  the 
iirface  on  hillsides  and  plateaus  up  to  an  elevation  of  1,000  feet.  The 
eaviest  deposits  of  such  material  occur  on  the  plateau  between  Sinuk 
cid  Feather  rivers,  where  they  extend  to  the  headwaters  of  Fair- 
i«w  and  Independence  creeks,  both  of  which  streams  are  filled  with 
^bbles  derived  from  them.  Similar  deposits  occur  to  an  elevation 
F  800  feet  along  Cripple  River,  w  here,  though  they  form  some  defi- 
ite  bowlder  beds,  they  are  represented  mainly  by  scattered  erratics 
^ing  on  the  surface.  East  of  Cripple  River  no  extensive  bowlder 
^ds  of  this  kind  have  been  noted,  though  erratic  bowlders  strewn  here 
^id  there  over  the  surface  up  to  an  elevation  of  800  feet  occur  as  far 
^st  as  Osborne  Creek.  One  bowlder  of  this  kind  was  found  lying 
ti  a  limestone  outcrop  in  the  divide  between  Kruzgamepa  River 
nd  Iron  Creek  at  an  elevation  of  800  feet.  West  of  the  Kigluaik 
fountains  the  extramorainic  drift  extends  to  the  basin  of  Gold  Run, 
>ut  no  bowlders  or  pebbles  of  this  kind  occur  in  Bluestone  River  above 
he  forks. 

The  following  hypotheses  regarding  the  transportation  and  dis- 
ribution  of  these  bowlders  suggest  themselves :  ( 1 )  They  may  have 
)een  washed  down  from  the  mountains  by  the  rivers  and  streams  of 
n  older  drainage  system  belonging  to  an  earlier  physiographic  cycle. 
2)  They  may  represent  an  earlier  stage  of  the  Kigluaik  glaciers 
15e04— BnlL  328-08 7 
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than  that  shown  by  the  moniiiies,  in  which  they  extended  from  the 

iiioimtiiins  to  the  shores  of  Bering  Sea.  (JJ)  They  may  have  been 
tniiLsported  from  tlie  mountain  front  by  ice  floes  or  bergs  in  estuaries, 
l>n><bired  by  the  snbKidence  of  the  land  siirfuw. 

That  bowhlers  may  Jx>  curried  for  long  distances  by  rivers  and 
streams  is  t^videiU.     This  is  especially  true  in  a  legion  like  Alaska* 
where  at  the  breaking  of  s|H*ing  the  streams  are  filled  with  floating 
iee»     A  good  exaruple  of  granite  bowlders  transjmrtM  in  this  way 
nuiy  he  seen  in  Ophir  Creek,  which  is  not.  glaciated,  but  contains 
granite  pebbles  and  bowlders,  from  outcrops  near  its  source,  dis-         | 
triljuted  tbn^ugh  its  whole  length.     All   the  streams  of  the  Xonie 
region  that  head  in  the  glaciated  area  contain  granite  pebbles  that 
have  been  waslied  down  in  this  way.     AltJiough  it  is  jwssible,  tliere- 
forc,  that  some  of  the  extra morainic  bowlders  reached  their  present    ^ 
|MJsition  by  river  and  streanj  action,  tlieir  distribution  as  bowhler  ljed>  ^^^ 
over  flat  hillto]>s  and  the  oceurrence  of  scatt^ered  erratics  render  thi&czia 
liypothesis  in  tlie  main  untenable. 

In  regartl  to  the  second  hypothesis,  it  may  be  said  that  althougl«r3 
some  of  the  bowlder  beds  near  Sinuk  and  Cripplt^  rivers  fesemblei^BQ 
glacial  moraines,  the  region  iKitwcen  them  and  the  glacial  center  i^i^^x, 
apparently  unglaeiated*  Some  angular  crags  remain  which  couIl^zzJ- 
not  have  withstfMjd  an  advancing  ice  sheet.  Many  of  the  bowlder  -la^^ 
also  occur  as  solitary  erratics  overlying  re^siduary  soiL 

TItf  n<  rnrrciK  e  and  distribution  of  these  bn\vl(]ers  is  best  accounte^^ 
for  l)y  the  third  hypothesis,  which  is  that  during  a  part  of  the  glacij^fc^ 
period,  and   i)resuniably  an  early  part,  a  subsidence  of  the  regio   ^ 
soulli  of  the  mountains  occurred  and  estuaries  from  the  sea  extender  -^ 
inland  to  the  ice  front.     Over  these  waters  the  bowlders  were  fioatc^-- -< 
l)y  icebergs  and  floes.     The  maxinunu  amount  of  subsidence  recpiiri^  '^l 
lo  j)ro(luce  this  effect  would  be  1,100  feet  in  the  Sinuk  Valley.     TI*^  5.^ 
hypothesis  requires  that  the  area  of  maximum  subsidence  must  ha^^e 
been  local  and  coextensive  with  the  distribution  of  erratic  bowlde:K^">. 
It  will  be  seen  from  the  topographic  map  (PI.  VIII,  in  pocket),  lio^^- 
ever,  that  the  average  ui)land  levels  of  the  bowlder-strewn  area  ;m  iv 
iuMMdiTably  lower  than  IhoM.'  of  tlu'  remainder  of  the  southern  liiiJ/ 
of  the  pi'uiuMda,  and   iience  a  general  sidi^idence  of  the  southL-i'^^ 
[ijiit  of  the  peninsula  might  lie  competent  to  account  fur  this  distribN- 
tlnn,     X<j  eievateci  Ijeach  liuc^  or  <ither  inilications  of  such  a  systeJiJ 
<d"  estuaries,  except  the  erratic  Ijowhicrs*  ha\'c  hern  recognized.     Sin<v 
uuiny  of  these  erratics  lie  upon  or  near  lijc  surface  of  the  mantle  tjf 
residuary  and  waterworn  waste  on  the  Mi>lnjid>  and  near  the  surfutT 
td"  the  ctaistal-plain  gravels,  it  seems  probable  that  ihi^y  were  carried 
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affect  materially  the  distribution  of  ocean  currents,  it  would  doubtless 
also  have  produced  climatic  changes  of  great  importance,  and  the 
inauguration  of  the  glacial  epoch  just  described  is  tentatively  assigned 
^o  this  cause. 

IGNEOUS  ROCKS. 

INTRODUCTION. 

Igneous  rocks  are  widely  distributed  in  the  peninsula.  Though 
hey  present  considerable  variety  both  in  composition  and  in  the  de- 
cree of  metamorphism  which  they  have  suffered,  they  fall  readily 
nto  three  groups,  two  of  which,  the  greenstones  and  basalts,  are  basic, 
:he  third  being  acidic.  The  type  rocks  of  each  group  are  distinct  and 
^n  be  readily  recognized,  but  in  some  localities  intermediate  phases 
3ccur  whose  relations  can  be  determined  only  by  more  refined  petro- 
^raphic  and  stratigraphic  investigation  than  has  yet  been  undertaken. 

GREENSTONES. 

The  most  widely  distributed  igneous  rocks  of  the  region  are  some 
^anular  intrusives  which  are  characterized  by  a  dark-green  color, 
md  which,  though  they  exhibit  many  varying  phases,  are  most  con- 
ireniently  grouped  under  the  field  name  greenstones.  Without  excep- 
tion these  rocks  are  more  or  less  altered  and  are  composed  of  second- 
iry  minerals,  many  of  which  are  due  to  dynamic  as  well  as  to  met- 
asomatic  influences.  Though  usually  massive,  in  many  localities  they 
present  schistose  phases,  so  that  in  extreme  cases  it  is  impossible  to 
iistinguish  them  from  schists  of  sedimentary  origin.  The  investiga- 
tions that  have  been  made  show  that  the  rocks  from  which  the  green- 
stones were  derived,  although  generally  of  a  basic  character,  were  of 
[considerable  variety.  It  has  not  yet  seemed  feasible  to  attempt  to 
subdivide  the  group,  but  the  following  notes  regarding  some  of  tlie 
more  definite  types  in  the  various  regions  will  give  an  idea  as  to  what 
it  includes. 

A  dike  of  greenstone  in  a  dynamically  almost  unaltered  condition 
occurs  at  Cape  Douglas.  Under  the  microscope  the  rock  appears  to 
be  composed  mainly  of  pale  amber  augite  and  feldspar,  a  part  of 
which  is  included  in  the  augite.  The  augite  is  changed  to  liglit- 
colored  hornblende  only  around  the  margins,  but  the  feldspar  is  too 
much  decomposed  to  determine  its  character.  There  are  also  large 
grains  of  ilmenite  bordered  by  leucoxene  and  some  patches  of  isotropic 
serpentinous  matter.  In  the  region  northeast  of  Cape  Douglas  there 
are  many  bodies  of  greenstone  that  show  a  somewhat  similar  general 
texture,  but  present  various  degrees  of  alteration  from  the  original 
type.  The  pyroxene  is  usually  changed  to  hornblende  and  chlorite, 
and  garnet,  epidote,  zoisite,  calcite,  and  quartz  are  conmion  constitu- 


ents,  B.  K.  Eoierson,  who  with  the  llarrimau  expedition  touched  on 
the  east  shore  of  Port.  Clarence,  has  described  the  igneous  rocks  foimd 
in  this  region  as  aniphilx»lites  derived  from  eruptive  pyroxenite^s.* 

West  of  the  York  Mountains  there  are  some  coarsely  granular 
greenstones  which  aT-e  only  slightly  more  altei-ed  than  that  from  Cajx* 
Douglas,  which  tlio}^  re>^mble,  but  in  these  rocks  the  feldspar  is  s^onie- 
what  in  excels  of  the  pyroxene,  and  the  iHscks  were  probably  gabbros, 

Alim^  Fox  River,  about  10  miles  i^outh  of  CoimcO,  there  are  sev- 
eral dikes  of  greenstone  that  under  the  microscoi^e  are  found  to  be 
slightly  altered  diabase.  They  consist  of  labradorite  and  olivine 
pheiiocrysts  in  a  grouiidmass  of  plagioclase,  augite,  and  biotite, 

8oine  greenstone  nuusses  which  appeared  to  be  slightly  altered 
tuffs  were  found  in  the  divide  between  Fox  and  Solomon  rivers. 

In  nearly  all  places  where  the  gi"eonstone  exists  in  comparatively 
unaltered  condition,  transitional  phases  to  tlic  more  typical  gi-een* 
stone  eonipoHetl  wholly  of  secondary  niineralB  wei'e.  found,  Tlie 
greenstone  masses  occur  most  conmionly  in  the  form  of  yills  and 
dikes,  though  a  few  of  them  ap}>ear  to  be  necks  or  stocks,  and  it  i.s 
probable  that  some  surface  flcjws  may  be  included  among  the  move- 
altered  portionsp 

In  a  few  places  con  tact- nietamorphic  minerals  have  been  devel 
oped  around  the  margins  of  the  intrusive  bodies.     On  Newton  Peal 
a  veinlike  deposit  of  chlorite  and  albite  was  observed  in  the  contaci 
of  ii  greenstone  mass  with  the  schist.     On  the  upper  Casadepagi 
(he   limestone  surrounding  a  greenstone  mass  is  marmorized   an 
contains  brown  h()rnl)lende  phenocrysts.     At  the  contact  of  a  green- 
stone sill  with  the  limestone  on  Tisuk  Creek  albite  occurs  in  the^ 
limestone  and  tourmaline  needles  in  the  greenstone.     The  contact 
of  a  greenstone  dike  with  schist  on  the  upper  Kougarok  contains 
tourmaline  in  radiating  groups  of  crystals  and  a  pale-blue  horn 
blende  which  has  not  been  determined.     The  deep-blue  hornblend-^ 
glaucophane  has  been  found  in  many  of  the  greenstone  masses. 

In  its  schistose  phases  the  greenstone  seems  to  be  composed  entirely 
of  secondary  minerals,  the  most  common  being  hornblende,  chloritt::^ 
epidote,  zoisite,  garnet,  secondary  feldspar,  sericite,  quartz,  an^: 
4'alcitc  Some  chloi'ite-epidote  schists  that  are  widely  distributed  i*^ 
hiiiall  masses  seem  to  rcpivserit  extreme  metiimoqdiisni  (jf  the  greeii- 
^^lorlcs  and  it  is  pi-tjbable  that  many  of  tlie  green  schists  made  up  of 
r(uartz  and  chlorite  that  have  not  l>een  diffen*iUiated  from  the  metu- 
morphoscd  sediments  ni^}^  also  be  altered  greenstones* 

It  will  l)e  seen  from  the  geologic  map  that  the  greenstone  intru- 
-;ions  (M'cuT'  iu  tlic  unditlerentiated  schists  of  the  Nome  group,  in  the 
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which  are  believed  to  be  of  pre-Carboniferous  age.  They  have  not 
been  recognized  in  the  Kigluaik  group  nor  in  the  limestones  exposed 
near  Palazruk. 

As  many  of  the  greenstone  masses  present  schistose  phases,  it  is 
evident  that  some  and  possibly  the  greater  part  of  them  were 
intruded  before  metamorphism  of  the  Nome  group.  In  some  respects 
:hese  greenstones  resemble  the  extensive  greenstone  masses  of  the 
Devonian  Bampart  formation  of  the  Yukon  basin.  The  Rampart 
^eenstones,  however,  are  mainly  surface  flows  and  are  interbedded 
with  tuffs,  limestones,  and  various  other  sediments."  They  indicate 
that  in  parts  of  Alaska  during  Devonian  time  there  was  an  enor- 
mous amount  of  volcanic  activity,  which  probably  continued  into  the 
early  Carboniferous.  If  this  volcanic  disturbance  extended  north- 
westward as  far  as  Seward  Peninsula  it  was  probably  sufficient  to 
account  for  the  greenstone  intrusives  in  the  metamorphic  series  there. 
These  intrusions  evidently  must  have  occurred  after  the  close  of  the 
Silurian  and  most  of  them  while  the  Silurian  rocks  were  deeply 
buried. 

BASALTS. 

A  second  group  of  basic  rocks  is  composed  of  unaltered  basalts, 
which  occur  at  many  places  in  the  northern  and  eastern  parts  of  the 
peninsula.  Typically  they  are  dark-gray  or  nearly  black  lavas, 
usually  very  cellular  or  even  spongy  in  appearance,  but  in  some 
places  compact  and  without  amygdaloidal  cavities.  They  are  dia- 
bases and  basalts,  both  rich  in  olivine.  In  the  basalts  especially 
olivine  phenocrysts  are  abundant  and  are  noticeable  even  in  the  hand 
specimen.  Rocks  of  this  type  find  their  greatest  development  in  the 
Fairhaven  precinct,  where  Moffit  ^  reports  that  there  has  been  a  suc- 
ce&sion  of  outbreaks  of  lava  occurring  through  a  considerable  period 
of  time.  In  the  region  about  the  head  of  Kuzitrin  River  the  most 
recent  outpouring  of  liquid  rock  occurred  at  no  very  distant  date,  for 
the  ropy  surface  and  irregular  margin  are  still  preserved.  Caverns 
or  tunnels  produced  by  the  cooling  of  the  surface  and  the  continued 
flow  of  the  still  liquid  rock  beneath  are  numerous.  Flattened  lentic- 
ular steam  cavities  2  or  3  feet  in  diameter  are  exposed  in  some  places 
and  the  upper  surface  of  the  sheet  is  marked  here  and  there  by  smooth 
irregular  elevations  produced  by  the  escape  of  steam  and  the  welling 
up  of  the  lava  from  below. 

On  Noxapaga  River  the  writer  found  these  later  lavas  overlying 
Pleistocene  or  late  Pliocene  gravels  that  were  indurated  near  the 

•  Spnrr,  J.  B.,  Geolojry  of  the  Yukon  gold  district :  Eighteenth  Ann.  Rept.  U.  S.  Geol. 
Snrrey,  pt  3,  1898,  p.  161.  Collier,  A.  J.,  Coal  resources  of  the  Yukon :  Bull.  U.  S. 
Reol.  Survey  No.  218.  1903,  p.  15. 

» Moffit,  F.  H.,  The  Fairhaven  gold  placers,  Seward  Peninsula,  Alaska :  Bull.  U.  S. 
Qeol.  Survey  No.  247,  1005,  pp.  31-35. 
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contact  and  oontaiii  raiitMli.Hi  pebhlvs  of  husalt  derived  from  au  older 
flow,'*  .VJoiig  Koyuk  and  Tubutulik  rivert^  Mendonhsill  ^'  reports  the 
occurrt*na^  of  isevernl  maisKes  of  biLsalt  of  similar  character  On  the 
ujjpcr  Koyuk  the  lava  has  a  relation  to  the  luiconsolidated  gravels 
Himihir  to  that  tijeen  by  the  writer  on  the  Noxapaga*  This  is  probably 
an  iMjtlyin^  portion  of  the  large  lava  field  mapped  by  MotEt 

ita^alts  occiu'  in  small  flows  and  volcanic  necks  at  a  number  of 
hx^alities  nortli  of  Port  Clarence  and  Grantley  Habor.  Mukacliarnl 
Mountain,  the  two  small  buttes  to  the  ea.st  of  this  mountain,  a  small 
area  on  the  east  side  of  California  Kiver,  and  a  small  hill  alxmt  2 
xiuleH  east  of  the  forks  of  Don  River  are  composed  of  unaltered  basalts 
that  exhibit  twth  compact  and  vesicular  pharte^  and  vary  in  color 
from  gray  to  black.  The  vesicles  are  unfilled  and  are  often  confused 
in  Ma*athere(l  specimens  with  the  cavities  left  by  olivine  phenocrysts. 

Mukacharui  Mountain,  the  two  buttes  to  the  east  of  it,  and  the 
small  hill  to  the  east  of  Tozier  Creek  are  volcanic  necks  cutting  the 
schists  and  slates.  The  basalt  are^is  west  of  Mukacharni  Mountain 
and  eaist  of  California  Kiver  are  remnants  of  surfaw  flows  oi"  jiossibly 
sills  which  were  erupted  at  the  same  time  as  the  necks.  The  amouut 
of  erosion  since  these  eruptions  indicates  that  most  of  them  are  pre- 
Pleistocene  in  age,  only  the  more  i-ecent  occurring  during  the  Pleisto-  — 
cene.  The  age  of  the  older  flows  of  the  Fairhaven  country  and  of  ^^ 
the  necks  and  flows  north  of  Grantley  Harbor*  however,  has  not  ^irr 

Ihh'M  sntisfsirtnrily  tlcterniineth     Moffit '^  stiitc!^  that   th<?  lowest  po> — 

sihlc  txgc  limit  for  the  earlier  lavas  of  the  Fairhaven  district  is  fixecL^El 
\)\  (lie  coal-bearing  formation  of  that  district,  which  may  be  eithei^  j^* 
Tertiary  or  Upper  Cretaceous. 

There  are  no  criteria  for  age  determination  of  the  basalts  north  o^t:^  i 
(liantlev  ITarbor  except  tlie  amount  of  erosion  Avhich  they  have  suf —  ^^- 
fcrcd.  They  antedate  the  formation  of  the  Kougarok  plateau,  whiclr^^^l^ 
is  (crlainly  older  than  most  of  tlie  Pleistocene  sediments.  Tlie  lavr^  «i 
fl()\\<  of  tht^  lowei-  ^'ukon  and  St.  Michael  Island,  a  region  which  lier  — ^^"^ 
;d)(Mil  100  miles  southeast  of  Seward  Peninsula,  began,  accc^rding  t^  ^> 
S])iirr.'^  in  tlie  late  Miocene  and  continued  until  the  early  PleistocenG^-^^*"- 
They  are  i"e])resented  in  })art  l)v  dikes  which  cut  TTpper  CretaceoiL--^*'^' 
locks,  iind  as  some  of  the  erui)tive  masses  Avere  reduced  to  the  bas==<' 

1('\  (']  of  (lie  Yukon  plateau  it  is  evident  that  the  eruptions  may  ha\' ^' 

beiriiii  ])ef()re  the  end  of  the  Cretaceous. 


"  liiri.ntiJtU^^^iin*^^  III   ilif   mtr(h\^<V'^<oiij   |M>r(lnii  of  s+nfnrd  IVnlnsLiln*  Alnskn^   fn   ir+O^  ■ 
Vvtft.  Vii(fpr  r.  S.  UnrL  Snrvvy  No.  L\  UiOli.  j].  :^1. 

I*  Mi'iulpnlmll,    W.    i,\.    at^ormEi-il^yHnrc-s    in    tb-    Cnpo    Kumv    iitic]    Ntrrton    liny    rejErloOJ*^ 
-AFiVfikii,  In   UKMS,  u   sjmmIjiI  iinUncjiHtii)  uf  Muy  V.   S,   (rrnl,  Sinvin ,    HHU.  p    -Jim, 

*^^r-HaU,  l\  II,.  The  ralrlmveu  i^ioM  rtl^i^erjs,  SfwiirU  rt-nltisiilji,  Alrisko  :  Bull.  U.  S.  Ctpol 
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St.  Lawrence  Island,  which  lies  about  100  miles  southwest  of  Sew- 
ird  Peninsula,  is  in  part  made  up  of  tuffs  and  lavas  that  do  not  seem 
o  be  older  than  Pleistocene.  In  the  central  part  of  the  island  there 
ire  numerous  volcanic  cones  that  have  suffered  little  erosion.  On  an 
xtensive  lava  bed  examined  by  the  writer  the  original  surface  of  the 
low  is  still  preserved  in  many  places,  presenting  features  similar  to 
hose  of  the  most  recent  flow  in  the  Kuzitrin  basin.  That  volcanic 
ctivity  began  here  prior  to  the  Kenai  (Eocene  ?),  however,  is  indi- 
ated  by  pebbles  of  lava  contained  in  a  conglomerate  of  that  forma- 
ion.  If  we  assume  that  the  lavas  of  St.  Lawrence  Island,  Seward 
^eninsula,  and  the  lower  Yukon  belong  to  the  same  period  of  erup- 
ion,  the  inference  may  be  justified  that  the  lavas  and  basalts  of  Sew- 
rd  Peninsula  represent  a  series  of  eruptions  which  commenced  in 
he  early  Eocene  and  continued  into  the  Pleistocene. 

None  of  the  basalts  or  diabases  included  in  this  group  have  been 
ffected  by  dynamic  metamorphism  and  although  in  a  few  places 
hey  occur  in  the  neigborhood  of  greenstone  masses  they  are  readily 
listinguished  from  the  greenstones  without  the  aid  of  the  micro- 
cope.  In  the  southern  part  of  the  peninsula,  however,  some  small 
likes  of  igneous  rock  have  been  found  that  greatly  resemble  the 
asalts  but  seem  to  present  transitional  phases  to  the  typical  green- 
bone.  The  diabase  dikes  of  Fox  River  described  on  page  237  are  of 
his  character.  Some  basaltic  bowlders  which  may  belong  either  to 
he  basalt  or  the  greenstone  group  were  found  on  Independence 
"^reek,  a  tributary  of  Sinuk  River,  but  they  were  not  traced  to  their 
ource  in  the  bed  rock. 

GRANITIC  ROCKS. 

The  siliceous  igneous  rocks  of  the  peninsula  are  grouped  together 
inder  "  Granitic  rocks,"  though  many  of  them  vary  from  typical 
granite  both  in  texture  and  composition.  The  larger  masses  in  the 
egion  examined  by  the  writer  are  generally  normal  granites,  but 
he  smaller  masses,  some  of  which  may  be  apophyses  from  the  larger 
Hies,  present  various  pegmatitic  and  rhyolitic  phases.  The  granites 
>f  the.Kigluaik  and  Bendeleben  mountains  form  a  network  of  intri- 
!ate  intrusions  in  the  rocks  of  the  Kigluaik  group  and  were  probably 
ntruded  at  intervals  during  a  rather  extended  period.  Some  of  these 
ntrusions  that  were  probably  the  earlier  ones  are  gneissoid  and 
*annot  in  all  cases  be  distinguished  from  gneisses  and  biotite  schists 
hat  are  almost  certainly  altered  sediments.  Generally  the  gneisses 
>ccur  as  sills  interbedded  with  the  schists  and  limestones;  The  larger 
^nite  bodies,  which  occur  in  the  heart  of  the  range,  are  generally 
nassive,  but  many  of  them  are  slightly  gneissoid  and  cut  by  later 
ntrusions  that  are  massive.  In  the  flanks  of  the  ranges  there  are 
lumerous  sills  and  dikes  of  coarse-grained  pegmatite.    Several  peg- 
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iiiatite  sills  of  this  character  along  Kuxitrin  River  were  staked  as 
qimilz  veins  by  the  prospectoi's  who  went  with  the  first  rush  to  the 
Kougarok, 

The  granite  in  its  massive  phase  is  coai-sely  crystalline  and  consists 
essentially  of  quartz,  orthocJase,  and  biotite,  with  plagioclase  as  an 
important  accessory  mineral*  The  gneissoid  granites  are  similar  in 
composition  except  that  they  contain  a  somewhat  larger  percentage 
of  plagioclase.  Their  gneissoid  structure  is  either  original  or  due  to 
entire  recrystallization  of  the  minerals,  as  the  microscopic  examina- 
tions afford  little  if  any  evidence  of  distortion  or  dynamic  movement 
The  quartz  and  feldspar  individuals  are  elongated  without  being 
crushed  and  the  biotite  plates  are  not  deformed*  The  pegmatite 
phases,  which  seem  to  occur  more  commonly  around  the  margins  of 
the  momitain  areas,  consist  of  quartz,  orthoclase  in  large  cryst-als 
reaching  several  inches  in  diameter,  and  muscovite,  with  biotite  in 
smaller  amounts  if  present.  Tourmaline  was  observed  as  an  im- 
portant accessory  mineral  in  one  of  the  pegmatite  sills  near  Kuzitrin 
River- 

Batholiths  of  the  character  indicated  by  these  observations  regard- 
ing the  gninites  of  the  Kigluaik  and  Bendeleben  mountains  woul 
doubtless  be  competent  to  produce  schists  of  the  Kigluaik  type  from^ — 3 
rocks  that  in  neighboring  loc^litic^  might  r^emble  the  schists  of  th^^^we 
Nome  group.*'  For  this  reason  the  detailed  geologic  survey  of  a  por — -  ~- 
i\\m  of  the  Nome  district  thut  was  commenced  during  the  summer  ofc^J 
1905  may  be  expected  to  yield  some  important  scientific  results. 

The  granite  masses  that  occur  in  the  region  north  of  the  Kigluaifc^-T=A 
Mountains  differ  considerably  in  type  from  those  just  described.  Irz^wi 
general  they  are  intruded  bosses,  few  of  which  present  gneissoici^^*! 
pliases,  but  many  of  tliem  are  surrounded  by  a  fringe  of  apophyse-  ^*^s 
(hat  (lifl'er  from  the  central  mass  mainly  in  texture.  Most  commonly"  V 
these  offshoots  are  porpliyritic  dikes.  Tlie  distribution  of  the  granit -^i^e 
masses  of  this  type  is  of  economic  importiince,  as  tin-bearing  lode-^^^ 
occur  rather  commonly  near  their  contact  with  the  surrounding  rockr  ^s. 
A  typical  granitic  intrusion  of  this  sort  is  found  at  Cape  Mountaini 
The  large  granite  ma-ss  which  composes  this  mountain  is  intrude 
throngh  the  Carboniferous  limestone  exposed  near  Palazruk.  Arour 
tlie  margins  some  large  masses  of  limestone  are  included  in  tl 
granite,  and  many  offshoots  or  apophyses  from  the  main  mass  exter 
into  the  limestone.  The  largest  of  these  differ  only  slightly  from  t" 
granite  of  the  main  mass,  while  the  smallest  are  apt  to  be  aplitic. 
the  main  granite  mass  there  are  some  ill-defined  veins  of  aplite 
granite  rock  containing  none  of  the  darker  minerals)  which  have  : 
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yet  been  studied  in  detail.  No  gneissoid  phases  are  exhibited,  but  a 
platy  or  sheet  structure  appears  in  many  weathered  outcrops.  The 
granite  of  Cape  Mountain  is  coarsely  crystalline  and  somewhat  por- 
phyritic.  It  consists  essentially  of  quartz,  microcline,  and  biotite,  but 
locally' contains  as  accessory  minerals  albite,  muscovite,  apatite,  tour- 
maline, pyrite,  fluorite,  and  cassiterite.  Lodes  containing  cassiterite 
in  appreciable  quantities  occur  on  the  mountain. 

A  smaller  granite  mass  which  is  lithologically  similar  to  that  at 
Cape  Mountain  occurs  in  the  Port  Clarence  limestone  on  Tin  Creek, 
a  tributary  of  Lost  River.  In  this  vicinity  the  limestone  is  cut  by  a 
number  of  porphyritic  dikes  that  are  probably  connected  with  this  or 
similar  masses  that  are  deeply  buried  beneath  the  limestone.  One  of 
these  dikes  has  been  studied  in  some  detail,  as  it  is  intimately  asso- 
<uated  with  a  tin  lode  of  economic  value.  Microscopic  examination 
shows  that  the  rock  was  originally  a  rhyolite  or  quartz  porphyry  con- 
taining quartz  and  feldspar  phenocrysts  in  a  finely  crystalline 
groundmass.  In  its  present  condition,  however,  the  phenocrysts  and 
much  of  the  groundmass  are  replaced  by  fluorite.  Southwest  of  this 
locality  there  are  several  somewhat  basic  dikes  that  have  been  placed 
in  the  granitic  group  for  the  reason  that  what  seem  to  be  transitional 
phases  between  them  and  the  typical  granite  porphyries  have*  been 
found. 

At  Brooks  Mountain,  near  the  head  of  Lost  River,  occur  granite 
masses  and  dikes,  but  their  field  relations  have  not  been  determined. 
The  same  is  true  of  a  mountain  east  of  the  forks  of  Don  River,  where 
granite  porphyry  dikes  cut  the  slates  on  the  periphery,  and  massive 
granite  bowlders  occur  on  the  mountain  slopes,  but  have  not  been 
traced  to  their  source  in  the  bed  rock. 

Ear  Mountain  is  a  granite  boss  of  a  type  similar  to  Cape  Mountain. 
The  massive  granite  shows  the  same  platy  structure  in  weathered  out- 
crops and  the  main  body  of  granite  is  surrounded  by  a  fringe  of  por- 
phjrritic  dikes.  The  granites  of  Jlar  Mountain  consist  essentially  of 
quartz,  orthoclase,  and  biotite.  A  smaller  body  of  pegmatite-granite 
is  made  up  of  quartz,  orthoclase,  and  plagioclase,  and  a  small  dike 
in  the  same  region  consists  essentially  of  quartz  and  orthoclase 
phenocrysts  in  a  groundmass  of  quartz  and  feldspar,  with  muscovite, 
largely  secondary,  and  a  secondary  growth  of  feldspar  surrounding 
the  larger  orthoclase  phenocrysts. 

On  the  north  side  of  the  mountain  several  dikes  have  been  exten- 
sively staked  as  tin  veins.  Apparently  these  rocks  were  originally 
rhyolite  or  quartz  porphyry,  but  in  thin  sections  they  show  consider- 
able alteration.  In  one  specimen  the  porphyritic  texture  of  the  rhyo- 
lite remains,  but  the  minerals,  especially  the  feldspar  phenocrysts,  are 
partly  replaced  by  tourmaline  and  pyrrhotite,  or  magnetic  pyrites. 
In  another  section  the  original  texture  is  completely  obliterated  and 


the  rcwk  consist ij^  *?,sscntiaUy  of  tourtnaliue  tii  rudialin^  "groups  ot 
crystals  ssurnmntle*!  by  a  gmuntltiiHss  imuk  up  priijrii*ally  uf  (•aldlt* 
with  fciorne  quart/.*  Thi^.se  rorks,  when  carefully  aiialysced,  were  found 
to  cunts  in  trat^^s  of  tin,  but  no  cas^iteritti  was  recognized  in  the  thin 
^^ectioMS  HpeeimeJis  of  tin  ore  that  have  l'*ei*n  uhtained  at  Ear  l^Iouu- 
tain  indicate  that,  a^^  at  Cape  Mountain,  tin*l>earing  lodes  are  a^o* 
ciated  with  the  granite  intru^iv^*  Some  rhyolite  dikes  that  occur  at 
sevenil  k>ea.lities  remote  from  any  lar^e  gninite  mass,  and  wonje 
t^awsitcrite  veini^  in  the  shites  of  Hke  "^^ork  r(*^ioji  probably  indicate  th** 
pi*esenee  of  deep-seated  granite  magmas  that  have  not  yet  been 
uncovered  by  erosion. 

IHie  in*^ini(e  from  tlic  large  area  near  Midnight  Mountain  has  not 
been  examined  microscopically,  but  seeni>s  tu  be  of  the  same  genend 
type  as  thut  »t  Eur  Mountain.  The  outcrops  as  a  ruU^  exhibit  the 
platy  structui^  noted  in  those  localities.  No  fringing  porphyritic 
dikes  or  contact  iiunerahH  have  been  (iliserved. 

The  granite  mass<\s  in  the  etistern  part  of  the  petiinsula,  niobt  of 
winch  lie  outside  the  special  area  covered  in  this  report,  have  l>een 
descriljed  by  Mendenlmll  **  and  Moffit/'  who  investigated  the  geology^ 
of  the  Norton  Bay  region  and  of  the  Fairhaven  district,  respectively. 
Tfien*'  granitCH,  which  are  confined  to  a  l>elt  extending  northward 
from  Norton  Bay  to  Kotzebue  Soimd^  seem  to  bt^  of  a  dit^tinct  lithn- 
logic  type  from  tho.se  deKct^ilied  hy  the  writer.  Though  in  general 
H'lppeNi'inic  c  thev  n^seinl^Ie  iiormnl  granites,  they  exhibit  i\<  n  nilc  n 
(lioritic  phase  tliat  distinguishes  them  from  the  granites  of  the  west- 
ern [nwi  of  tlie  peninsula.  According  to  ^lendenhall,  a  broad  belt  of 
coiijitry,  with  a  maximum  width  of  about  12  miles,  extending  55 
miles  northward  from  Cape  Darby,  in  the  Norton  Bay  region,  is 
occupied  by  a  great  intrusive  body  of  granite  and  granitoid  rock  that 
exhibits  considerable  variation  in  texture  and  mineralogical  composi- 
tion, but  is  i'egard(Ml  as  belonging  to  one  geologic  body.  At  the  south 
end  of  this  beh  the  tyjx'  rock'  is  a  diorite  porphyry  with  large  tabular 
phenocrysts  of  andesine  or  andesine-oligoclase,  some  colorless  pyrox- 
ene, and  abundant  hornblende,  in  part,  at  least,  secondary.  Quartz  is 
piesent  but  locally  in  very  inconsiderable  amounts,  and  titanite  is  a 
conspicuous  accessory.  Near  the  east  edge  of  the  northern  part  of  the 
aiva  the  rock  appears  as  a  coarsely  crystalline  aggregate  of  pale- 
l)i-ownisli  ortlioclase  and  smoky  (juartz,  with  a  little  biotite.  A 
gneissoid  phase  of  the  same  rock  appears  along  the  west  side  of  its 
northern  l)oi'der. 

A  broad  belt  of  schistose  rocks  and  alluvium  separates  the  granite 
nuiss  of  Cape  Darby  from  the  biotite-granite  mass  of  the  Bendeleben 
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Mountains,  which  lies  to  the  northwest.  The  intrusive  nature  of  the 
^anite  of  Cape  Darby  is  indicated  by  masses  of  schist  and  limestone 
caught  up  in  the  intruding  magma  and  by  dikes  from  the  granitic 
mass  cutting  the  surrounding  schists. 

M offit  <*  reports  that  in  the  eastern  part  of  the  Fairhaven  district 
the  siliceous  igneous  rocks  form  a  group  comprising  granites,  quartz 
diorites,  and  intermediate  forms  that  may  be  properly  classed  with 
the  monzonites.  These  rocks  find  their  greatest  development  in  a 
high  ridge  that  lies  between  Buckland  and  Kiwalik  rivers  and 
extends  from  Eschscholtz  Bay  southward  to  Koyuk  River,  forming 
the  boundary  between  Seward  Peninsula  and  the  mainland.  The 
granites  form  the  core  of  this  ridge  and  outcrop  in  a  series  of 
disconnected  areas  surrounded  by  andesites  of  later  age.  Horn- 
blende is  the  prevailing  dark  mineral  of  the  granites,  but  here  and 
there  biotite  takes  its  place.  By  a  decrease  in  the  amount  of  quartz 
the  granites  approach  syenites  in  composition,  such  phases  being 
characterized  by  the  abundance  and  large  size  of  orthoclase  crystals. 

From  a  consideration  of  the  above-stated  facts  it  will  be  seen  that 
the  larger  granite  masses  of  Seward  Peninsula  fall  into  three  groups 
according  to  the  nature  of  their  occurrence,  their  effects  on  the 
intruded  rocks,  and  their  lithology.  They  are  all  of  intrusive  origin, 
but  the  masses  of  the  Kigluaik  and  Bendeleben  mountains  are  batho- 
liths  formed  at  great  depth  in  the  earth's  crust  within  the  zone  of 
flowage.  The  masses  north  of  the  Kigluaik  uplift  represent  intru- 
sions in  a  zone  nearer  the  surface  which  has  been  called  the  zone  of 
fracture,  and  the  dioritic  masses  in  the  eastern  part  of  the  peninsula 
seem  to  be  of  intermediate  character.  In  their  lithology  the  rocks  of 
the  Kigluaik  uplift  resemble  those  of  the  northern  part  of  the  penin- 
sula, the  distinguishing  features  being  abundant  gneissoid  phases  in 
the  former  and  porphyritic  phases  and  surrounding  dikes  of  rhyolite 
in  the  latter.  The  northern  granite  masses  are  further  characterized 
by  such  accessory  minerals  as  fluorite,  cassiterite,  and  tourmaline  in 
their  peripheral  portions. 

There  is  no  direct  evidence  in  regard  to  the  relative  ages  of  these 
intrusions.  Those  of  the  Kigluaik  region  may  have  been  and  prob- 
ably were  intruded  at  intervals  through  a  long  period  of  time,  as 
granites  of  several  ages  can  be  recognized.  The  same  thing  may  be 
true  of  the  other  granite  masses,  though  the  evidence  for  it  does  not 
seem  to  be  so  clear.  The  granite  mass  of  Cape  Mountain,  which  is 
regarded  as  typical  of  the  granites  north  of  the  Kigluaik  Range,  is 
intruded  in  Mississippian  rocks  and  is  therefore  certainly  younger 
than  that  horizon.     Moffit  ^  reports  that  the  granites  of  the  Fair- 

« Hofflt,  F.   H.,  The  Fairhaven  gold  placers,   Seward   Peninsula,   Alaska :  Bull.   U.   S. 
Geol.  Survey  No.  247,  1905,  pp.  27-.S0. 
»Op.  clt,  p.  80. 


liuvt*ti  distrir-t  iwv  t^vidf*nll>'  uUUn-  ihiui  Hk*  cDuI-lM^aring  beds  ovi^rly- 
ing  iUv  st'hists,  whirh,  hh  Uuh  been  shown,  may  he  of  late  Mestaoic 
age.  Mendenhull «  also  HlateH  Unit  the  ]>eritid  of  bitntston  seems 
older  than  that  of  ihe  t"tml-iK*siriri^  .sediuunitH.  Neither  of  these 
writers  has  presented  more  definite  evidence  for  this  conchision  than 
the  fact  that  the  grunites  pre>seiit  giieiasoid  phuses  whereas  the  sedi- 
ments are  unaltered*  The  rocks  liave  not  been  found  in  contact,  nor 
have  granite  pebbles  Ijeen  found  in  the  sediments. 

'Hie  coal-bt*flrin^  sediments  examined  by  the  writer  in  the  Sinuk 
basin  have  been  sheared  and  folded  with  the  surrounding  schists, 
but  contain  no  pebbles  of  granite,  though  such  pebbles  art*  the  main 
conBtitnents  of  the  Pleist^xi^ene  deposit^s  that  overlie  them, 

*  The  unaltered  sediments  of  tlie  Fairhaven  district  have  the  same 
north-south  strike  tind  high  flips  that  are  common  in  the  highly  meta- 
morphic  rocks,  and  those  of  the  Norton  Bay  region  are  also  highly 
folded,  with  approximately  north-sfnith  strikes.  If,  as  Moffit  ^ug^| 
gests,  this  structure  was  produced  iit  the  time  of  the  gi'anite  intrusions* 
the  sediments  would  seem  to  be  okier  than  the  granite,  A  similar 
inference  may  I>e  drawn  from  the  unaltered  sediments  of  the  Sinuk 
basiu,  which  ure  liighly  folded  and  strike  parallel  with  the  beds  in 
tiie  fi'ont  of  tije  Kigluaik  Kange, 

In  view  of  these  facts  any  conchision  regarding  the  relative  ages 
of  the  gninitcs  and  the  unaltered  sediments  seems  hazardous.  The 
granitic  intrusions  may  have  continued  into  the  Tertiary,  though 
tliev  arc  certainly  older  than  Pleistocene.  If  we  assume  that  all  the 
granitic  rocks  of  the  ])cninsula  l)cl()ng  approximately  to  the  same 
period  of  intrusion,  wliich  seems  reasonable,  then  it  may  be  stated 
that  these  inti'iisions  occurred  between  the  early  Carboniferous  and 
tlic  end  of  the  Tertiary.  The  larger  granitic  masses  of  the  Alaska 
Range  and  the  Pacific  seaimard,  whose  age  has  been  determined,  were 
intruded  during  the  latter  i)art  of  Mesozoic  time,  and  some  of  the 
intrusive  granitic  masses  of  the  Kuskokwim  Valley  have  been  assigned 
to  the  early  Tertiary.''  On  the  assumption  that  the  disturbance 
attendant  on  the  intrusion  of  the  granite  masses  of  southern  Alaska 
extend(Ml  to  Seward  Peninsula  also,  the  conclusion  is  reached  that 
these  masses  were  most  probably  intruded  in  late  Mesozoic  or  early 
Tertiary  time. 

QI  ARTZ    VEINS. 


Veins  of  quartz  and  calcite  occur  in  the  metamorphic  rocks  of 
nearly  all  parts  of  the  ])eninsula,  but  most  abundantly  in  the  schists 
of  the  Nome  group  near  the  localities  rich  in  j^lacer  gold.     Most  of 
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these  veins  are  small  lenticular  masses  whose  longer  axes  are  parallel 
with  the  foliation.  Here  and  there  occur  larger  masses  of  the  same 
type,  which  may  be  called  "  blanket  veins."  A  few  of  these  lenses 
and  blanket  veins  are  known  to  be  connected  with  approximately 
vertical  fissures  and  zones  of  fracture,  from  which  they  seem  to  be 
offshoots. 

Larger  veins  filling  fissures  that  cut  across  the  foliation  and  bed- 
ding have  been  found  in  a  number  of  localities,  and  some  of  these  are 
of  economic  value.  (See  pp.  228-232.)  So  far  as  observed,  liow- 
ever,  all  the  veins  in  the  vicinity  of  the  gold  placers  are  irregular,  and 
even  those  of  considerable  size  are  apt  within  a  short  distance  to  divide 
up  into  many  veinlets  and  stringers  which  can  not  be  mined  profitably. 
As  a  rule  these  veins  do  not  follow  any  discoverable  system.  They 
are  disseminated  in  an  intricate  network  through  the  metamorphic 
rocks  and  are  very  abundant  in  certain  areas  that  may  be  best 
described  as  zones  or  belts  of  mineralization.  Some  of  these  veins 
were  formed  previous  to  the  development  of  the  schistosity  and  are 
sheared  with  the  inclosing  rock.  A  few  of  them  can  be  shown  to 
belong  to  different  periods  of  intrusion,  as  veins  of  quartz  cutting 
veins  of  calcite,  or  vice  versa,  have  been  observed. 

In  the  rich  placer  regions  nearly  all  the  veins  have  been  found  to 
carry  traces  of  gold,  and  some  of  them  contain  rich  ore.  In  places 
the  gold  is  free,  though  it  is  more  commonly  associated  with  sulphide 
minerals.  Occasionally  veins  of  white  quartz  have  been  discovered 
in  which  a  little  free  gold  may  be  seen  near  one  of  the  walls,  though 
the  mass  of  the  rock  contains  no  trace  of  any. 

Quartz  veins  containing  cassiterite  as  well  as  traces  of  gold  occur 
in  the  western  extremity  of  the  peninsula,**  and  silver-lead  deposits 
have  also  been  discovered  in  several  localities,  the  best  known  being 
at  the  Omalik  mine,  on  the  upper  Fish  River.^ 

As  a  general  rule  no  causal  connection  between  the  quartz  veins  and 
the  greenstone  intrusives  that  are  so  common  in  the  rocks  of  the  Nome 
group  can  be  demonstrated,  and  though  greenstones  are  nearly  every- 
where present  in  the  bed  rock  where  there  is  placer  gold  and  are  in 
many  places  cut  by  quartz  veins,  they  can  not  be  regarded  as  indica- 
tions of  the  presence  of  gold.  The  cassiterite-bearing  veins  of  the 
western  part  of  the  peninsula,  however,  have  been  shown  with  a  rea- 
sonable degree  of  certainty  to  be  due  to  emanations  from  intrusive 
masses  of  gi^anite  and  kindred  rocks  of  an  acidic  nature.  In  the  same 
region  some  lead-silver  deposits  have  been  found  intimately  associated 
with  acidic  dikes.     Gold  in  small  quantities  is  known  to  be  associated 

•  Collier,  A.  J.,  Tin  deposits  of  the  York  region,  Alaska  :  Bull.  V.  S.  Geol.  Survey  No. 
226,  1904,  pp.  164-1G7. 

^  Mendenball,  W.  C,  Reconnaissances  In  the  Cape  Nome  and  Norton  Bay  regions, 
Almika,  in  1900,  a  special  publication  of  the  U.  S.  Geol.  Survey,  1901,  pp.  213-214. 
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with  the  cassiterite  and  to  occur  in  the  same  veins,  and  an  cassiterite 
ill  ^nuill  simonnts  hag  been  found  asso<nntf*d  with  the  placfT  gold  at 
miiny  widely  seattert^d  hicalitie^  it  in  not  unreasonahle  to  expect  tlial 
the  influences  producing  the  cajssiteritc  veins  have  extended  over  a 
ron^^idcrable  part  of  the  peninsula.  AHhougli,  as  stati^d  hIhjvi*,  some 
of  the>^  veins  were  probably  formed  Ijefore  the  metainorphisni  of  the 
Nome  group  occurred,  the  niajority  of  tlie^m  were  intruded  at  some 
hiter  period.  There  in  reanou  to  In^lieve  that  the  tin -Ix^a ring  vein.^ 
were  deposited  during;:  the  period  of  granite  intruHioiu  The  rot*ks  of 
thp  whole  ]>emnsula  were  gi'eatly  disturbed  at  that  time  and  the  more  ^ 
deeply  Heated  ones  were  intenst^ly  altered.  It  is  therefore  tlie  write r"H==^ 
l>elii^f  that  most  of  the  uusheareil  quartsc  veins  were  fomn*il  during 
the  intrusion  of  the  gianites  and  are  traceable  either  directly  or  indi 
rei;tly  to  the  name  influence. 


OUTLINE  OF  ECONOMIC  GEOLOGY. 


By  Alfred  H.  Brooks. 


GEITERAIi  STATEMENT. 

Though  the  general  features  of  gold  placers  are  so  simple  as  to 
require  no  searching  analysis,  yet  but  few  studies  of  even  the  more 
prominent  characteristics  have  been  made  and  there  are  many  ob- 
scurities in  regard  to  the  occurrence,  origin,  and  distribution  of 
alluvial  gold.  This  field  of  applied  geology  has  been  somewhat 
neglected,  probably  in  the  main  because  the  data  needed  for  the 
investigations  must  be  gleaned  during  the  mining  operations  or  they 
are  lost  forever.  It  is  therefore  only  in  exceptional  cases  that  the 
facts  bearing  on  the  occurrence  of  alluvial  gold  have  been  available 
to  the  geologist. 

It  is  proposed  here  to  discuss  the  gold  placers  of  Seward  Peninsula 
in  their  larger  relations,  and  thus  to  present  an  introduction  to  the 
detailed  descriptions  by  Mr.  Collier  and  Mr.  Hess  which  follow. 
Attempt  will  be  made  to  formulate  the  laws  governing  the  occur- 
rence and  origin  of  the  alluvial  gold,  so  far  as  the  data  at  hand  will 
permit.  In  the  preceding  pages  Mr.  Collier  has  presented  in  some 
detail  the  geography  and  geology  of  the  peninsula,  but  brief  com- 
ments will  be  made  on  those  features  that  bear  directly  on  the 
geology  of  placers. 

A  study  of  the  maps  (Pis.  VIII  and  IX,  in  pocket)  shows  that  this 
is  essentially  a  region  of  mature  topography,  for  with  the  exception 
of  a  few  rugged  mountain  masses,  the  region  is  characterized  by 
broad  valleys  and  flat-topped  interstream  areas.  As  a  rule  the  val- 
leys have  broad  floors  with  gently  sloping  walls,  but  there  are  a 
few  sharply  incised  canyons.  The  rock  valley  floors  are  usually 
gravel  covered,  and  bed  rock  is  exposed  only  in  the  smaller  gulches. 
In  most  places  the  seaward  bases  of  the  uplands  are  buried  in  exten- 
sive gravel  sheets  that  form  coastal  plains  and  are  made  up  of  ele- 
vated fluvial  deposits.  Near  the  sea  many  of  these  deposits  break 
off   in   escarpments.    The   gravel    plains   mark    former   epochs   of 
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depoHitiou^  and  evidi^nceH  of  periods  of  erosion  ttiid  t^ediineiitatioti 

nrc  to  be  found  in  the  muny  well-marked  terraces  which  occur  up  ta 
siltitudes  of  fiOO  feet.  Le>?s  well  preserved  benches  occur  here  and 
th^^  at  still  higher  altitudes,"  but  most  of  the  topographic  evidencej 
of  such  older  ei>ochR  of  eixisron  has  Ih^gu  effaced.  An  exception  must  j 
be  made,  however,  of  the  erosion  timt  produced  the  highest  surfatu , 
ThiH  appears  to  have  beveled  the  rocks  of  much  the  hirgcr  part  of  1 
the  peninsula,  and  evidence  of  the  base-level  thus  formed  is  stillJ 
preserved  in  a  general  accordance  of  mniunit  levels  of  the  intersti'eamj 
areas,  a  very  notit*eable  topographic  feature  throughout  the  provinceu] 

All  through  the  peninsula  theiT  is  evidence  of  deep  rock  decay,! 
for  nearly  everywhere,  except  in  the  higher  nioinitain  masses  where! 
there  has  been  *sonie  recent  glaciation,  a  heavy  reMidiuil  soil  mantles | 
the  hills.     The  valley  slopes  are  in  general  deeply  buried  in  talus, 
and  outcrops  ai'e  abundant  only  ah:>ng  the  crest  lines  of  the  ridg^H. 
Thitj  I'esidual  mantle  is  due  to  (1)  absence  of  glaciation,  (2)  longfl 
stability  of  the  land  relative  to  sea  level,  and  (3)  slowness  of  erc^ion 
l>ecuuse  of  the  thick  mat  of  vegetation  that  covers  the  surfacY^ 

The  data  now  at  hand  point  to  the  following  succies^ion  of  events 
in  post-Eocene  time,  (1)  A  long  period  of  erosion  which  reduced 
nuich  of  the  peninsula  to  a  peneplain,^  During  this  base-leveliog,  or^ 
subsequently,  the  roek  surface  bec4ime  deeply  weathered.  (2)  Up^fl 
lift  succeeded  base*leveling  and  was  probably  of  an  intermittent  char*w 
jiclci'.  IVith  cl(^\a!i(>n  ciositni  wus  n'viv^nl.  The  sum  <»f  movt'm^Mit 
was  upward,  yet  the  elevations  appear  to  have  been  interrupted  by 
periods  of  depression.  The  succession  of  uplifts  is  recorded  in  the 
benches  now  found  at  various  altitudes.  When  the  high  terraces 
near  Nome  were  formed,  the  land  mass  nuist  have  remained  stable 
sufficiently  long  to  permit  an  extensive  drainage  system  to  be  de- 
velojxHl.  Collier ''  has  pointed  out  that  at  some  later  stages  local 
base-levels  were  developed,  but  these  do  not  appear  to  be  recorded 
throughout  the  peninsula.  The  last  extensive  period  of  erosion  is 
represented  by  the  extensive  gravel  deposits  found  in  the  coastal 
plains  and  the  interior  basins.  Later  these  gravels  were  elevated  and 
dissected,  and  then  the  present  creek  deposits  were  laid  down. 

The  physiographic  conditions  above  (Mitlined  were  favorable  to 
the  formation  of  placers,  for  the  deep  rock  decay  set  free  the  gold 
in  the  bed  rock  and  the  various  epochs  of  erosion  and  deposition 
brought  about  a  concentration  of  the  heavier  materials  in  the  gravels. 


"  Thpse  foaturos  have  T)Oon  fully  discussed  in  Reconnaissances  in  the  Cape  Nome  and 
Norton  Bay  rej;ions,  Alasl<a,  in  1900,  a  special  pul)lication  of  the  \\  S.  Geol.  Survey, 
1901,  pp.  48-64. 

''The   age   of    this    peneplain    has    not    been    determined,    but    it    is    probably    the    same 
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Furthermore,  dissection  of  the  older  alluvial  deposits,  brought  about 
by  uplifts,  resulted  in  a  reconcentration  of  the  gold,  and  thus  some 
of  the  richest  placers  were  formed. 

Mr.  Collier  (pp.  65-83)  has  shown  that  the  bed  rock  is  chiefly  meta- 
morphic,  and  that  it  has  been  subjected  to  stresses  producing  folding, 
faulting,  and  jointing.  He  also  notes  that  intrusives  are  plentiful 
and  that  stringers  and  veins  of  quartz,  locally  metalliferous,  are  not 
uncommon. 

Though  a  number  of  stratigraphic  units  are  recognized  on  the  map, 
only  the  two  oldest,  the  Kigluaik  group  and  the  Nome  group,  need 
here  be  considered,  for  they  form  the  country  rock  practically 
throughout  the  placer  districts.  The  Kigluaik  falls  into  three  sub- 
divisions— a  basal  biotite  gneiss,  a  middle  member  of  heavily  bedded 
limestone,  and  a  younger  member  made  up  chiefly  of  biotite  schists 
and  thin  limestones.  The  rocks  are  folded  and  faulted  and  carry 
some  quartz  veins,  but  these  have  not  so  far  been  found  to  be  much 
mineralized.  The  Nome  group  includes  a  great  thickness  of  quartz 
and  calcite  schists,  greenstones,  and  greenstone  schists,  together  with 
a  massive  limestone  member  which  has  been  called  the  Port  Clarence 
and  which  carries  Silurian  fossils.  Schists  occur  both  above  and  be- 
low the  limestone.  The  placer  gold  thus  far  found  has  been  chieflj 
associated  with  rocks  belonging  to  the  Nome  group,  which  have  a 
wide  distribution  throughout  the  peninsula.  The  schists  of  this  ter- 
rane  are  locally  much  fractured  and  seamed  with  quartz  and  calcite 
stringers,  and  some  of  them  carry  larger  veins  in  which  metallic 
minerals  are  not  uncommon.-  Igneous  rocks  have  a  wide  distribution 
in  the  peninsula,  the  dominant  types  being  granites,  in  the  form  of 
dikes,  sills  and  stocks,  and  greenstones,  occurring  as  sills  and  dikes. 
Some  of  the  acidic  intrusives  have  been  found  to  be  mineralized. 
(Seep.  120.) 

Mr.  Collier  has  discussed  the  structure  (pp.  60-63),  and  it  will  be 
necessary  here  only  to  draw  attention  to  certain  larger  features. 
Though  in  detail  the  structure  is  probably  exceedingly  complex,  the 
geologic  maps  indicate  that  there  are  certain  areas  of  uplift  which 
are  marked  by  the  distribution  of  the  limestone.  (See  Pis.  X  and 
XI,  in  pocket.)  These  suggest  structural  domes  of  great  irregularity, 
probably  modified  by  folding  and  faulting."  As  shown  on  page  122, 
these  uplifts  may  have  causal  connection  with  the  distribution  of  the 
gold,  for  it  appears  that  the  rocks  have  been  most  intensely  deformed 

•This  type  of  etructure  was  discussed  by  the  writer  in  the  previous  report  (Recon- 
naissances In  the  Cape  Nome  and  Norton  Bay  regions,  Alaska,  in  1900,  a  special  publi- 
cation of  the  U.  S.  Geol.  Survey,  1901,  pp.  36-37)  and,  though  by  no  means  proved  by 
the  later  work,  yet  appears  to  find  seme  support.  Furthermore,  indications  of  a  similar 
type  of  structure  were  found  by  Mofflt  in  the  Fairhaven  district.  (See  Bull.  U.  S.  Geol. 
Survey  No.  247,  1906.) 

15e04— Bull.  328—08 8 
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along  the  margins  of  these  uplifts  and  thai  in  mch  mnm  of  move- 
ment the  most  extensive  veining  occurs- 

OENE8IB  ANI>  CliAf^SIFICATIOK  OF  PT^lAC^RH, 

Three  conditions  are  usually  operative  in  the  formation  of  plaet^r^ 

(1)  the  occurrence  of  gold  in  bed  rock  to  which  erosion  has  *ic»ch?^; 

(2)  the  suppuration  of  gold  from  Ijed  rock  hy  weathering  or  abra- 
sion; (3)  the  tran.sportation,  inning,  and  deposition  of  the  atiriferoui? 
material  derived  by  erosion.  It  in  self-evident  that  unless  gold  occurs? 
in  lx*d  rot*k  and  then  is  separated  from  it  no  placers  can  be  formed, 
The  third  agency,  namely,  transportation,  sorting,  and  deposition, 
though  it  has  been  operative  in  most  regions  of  extensive  auriferous 
alluvium^  is,  nevertheless,  not  absolutely  cssentinl  to  the  formatioti 
of  placers.  In  many  partes  of  Europ<3,  in  the  southern  Appalachians^ 
and  in  the  Tropics  w^orkable  placers  have  been  found  which  wen' 
formed  solely  by  the  weathering  in  place  of  the  auriferous  Ix^d  rock. 
Riekard  *  has  descTibed  residual  deposits  of  this  kind  in  Auntralia, 
where  a  surface  concentration  of  gold  has  been  brought  about  through 
the  agency  of  wind,  the  lighter  material  having  been  removed. 

The  distribution  and  origin  of  the  gold  in  bed  rock,  involving  sj^m 
it  does  the  study  of  ore  deposits,  though  of  first  importance  to  the 
study  of  plac*ers,  can  here  be  only  briefly  discussed.  Of  equal  impor- 
tance and  more  closiely  related  to  the  genesis  of  placers  is  the  consid- 
eration of  the  agencies  leading  to  the  separation  of  gold  from  the 
bed  rock  and  its  subsequent  transj)()rtation,  sorting,  and  deposition. 

That  the  changes  brought  about  by  secidar  decay  of  bed  rock  i)lay 
an  important  part  in  the  genesis  of  j)lacers  is  a  fact  that  has  hardly 
been  fully  enough  recognized/'  In  the  text-books  emphasis  has  usu- 
nlly  Ix^cn  laid  on  tlie  two  types,  the  residual  placer  and  the  transported 
or  true  placers,  without  full  recognition  of  the  fact  that  the  former 
often  represents  an  intermediate  stage  between  the  Iwd-rock  source 
of  the  gold  and  the  true  placer.  It  appears  to  the  w^riter  that,  as  a  rule, 
the  primary  concentration  of  the  auriferous  detritus  brought  about 
l)y  rock  weathering  is  a  necessary  stage  in  the  formation  of  rich 
placers.-"  As  shown  on  page  112  this  really  amounts  to  a  recognition 
of  the  geographic  cycle  as  an  important  factor  in  the  genesis  of 
placers. 


"Riekard,  T.  A.,  Tho  nlliivinl  deposits  of  wostorn  AiistraliM:  Trans,  Am.  Inst.  Min. 
Knj;..  vol.  L'T.  ISOS.  pp.  4rM)-r»;i7. 

''  11.  L.  Smyth  lias  drawn  attention  to  tliis  foatuie  of  tho  formation  of  placers.  See 
'I'he  origin  and  elassitlcation  of  placers  :  Kn^'.  and  Min.  .Tonr.,  vol.  70.  1005,  pp.  104r»- 
1040,    1170-1180.    1 228-1  i.'iO. 

'■  .1.    S.   Diller  has   made  a   similar   suggestion    for   the   California   placers.      See   Kevolu- 
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The  transportation,  sorting,  and  deposition  of  material  furnished 
by  the  weathering  of  rocks,  the  most  easily  understood  of  geologic 
phenomena,  are  all  important  agencies  in  placer  formation.  Uplift 
may  revive  the  forces  of  erosion,  and  in  this  way  these  agencies  may 
be  repeatedly  effective,  resulting  in  reconcentration  of  the  alluvial 
gold. 

A  logical  classification  of  the  placers  should  be  based,  first,  on 
genesis ;  second,  on  form.*  The  primary  grouping,  according  to  origin, 
would  be  "  residual  placers,"  "  sorted  placers,"  and  "  re-sorted  pla- 
cers." The  residual  placers  are  those  in  which  there  has  been  no 
water  trans|)ortation,  the  concentration  of  the  gold  being  due  solely 
to  rock  weathering.  The  gold  of  the  sorted  placers  is  the  result  of 
transportation,  sorting,  and  deposition  by  water.  Placers  of  the 
third  group  are  those  in  which  the  gold  has  passed  through  two  or 
more  cycles  of  erosion  before  its  final  deposition.  Those  of  the  first 
class  are  practically  all  of  one  type.  The  sorted  and  re-sorted  placers 
embrace  many  subordinate  types,  named  according  to  the  form  of  the 
occurrence.  The  following  list  presents  the  larger  groups  and  the 
more  important  of  the  subordinate  types : 


3.  Re-sorted  placers. 
Creek  and  gulch. 
Beach. 
Elevated  beach. 


1.  Residual  placers. 

2.  Sorted  placers. 

Hillside. 

Creek  and  gulch. 

River  bar. 

Gravel  plain. 

Bench. 

High  bench. 

It  is  evident  that  in  this,  as  in  most  other  classifications,  interme- 
diate types  are  found  which  may  belong  to  either  one  of  two  groups. 
Hillside  placers,  for  example,  are  those  that  occur  on  hill  slopes 
and  do  not  occupy  any  well-defined  channels.  These,  though  usually 
water  sorted  to  a  certain  extent,  grade  directly  into  deposits  of  a 
purely  residual  origin  on  the  one  hand  and  into  stream  -or  gulch 
deposits  on  tiie  other.  Again,  creek  and  gulch  placers  occur  both 
in  material  which  has  been  sorted  only  once  and  in  that  which  has 
passed  through  several  cycles  of  erosion. 

In  the  following  pages  an  attempt  will  be  made  to  trace  the  placer 
gold  through  the  various  stages,  from  its  occurrence  in  the  bed  rock 
to  its  deposition  in  the  reconcentrated  placers. 

•  The  subject  of  the  classification  of  placers  has  been  discussed  in  Reconnaissances  in 
the  Cape  Nome  and  Norton  Bay  regions,  Alaska,  in  1900,  a  special  publication  of  the 
U.  S.  Geol.  Surrey,  1901,  pp.  144-150,  where  the  same  classification  was  suggested, 
tbongh  different  names  were  appUed. 


The  distribution  of  gold  in  the  pureiit  i*ock  is  of  first  impor- 
lance  to  the  mining  indnstry;  for  it  determines  not  only  the  ocour-_^ 
n*nce  of  auriferous  gravels,  but  also  the  possibility  of  lode  miiiH 
iug.  IJTifortuTifitely,  the  datii  at  hand  are  entir-*?ly  inaileqnate  fr^r 
II  projjer  discusHion  of  this  important  subject.  Geologic  research 
in  Seward  Peninsula  has  been  of  a  reconnaissance  characrter  and  only 
the  largt^r  features,  with  few  details  of  the  bed-rtK*k  stnietnn*  jiml 
veining^  have  l>een  determined.  Det4iiled  surveys  of  the  Nome  region 
proper  have  been  begiio  by  F<  H.  Jloffit  and  F.  L,  TIass,  hut  the 
results  have  not  yet  Ix^en  worked  up.  The  prosjwetor,  who  might 
furnish  additional  facts,  lias  assiduously  devoted  himself  to  the 
plaeera,  which  give  proinisi^  of  more  immediate  returns  than  the  lodes. 

Veins  and  impn^gnnted  zones  are  not  unt^mnion  in  the  placer  dis- 
tricts; and  though  prospectors  have  not  been  backward  in  filing 
hication  notices,  few  excavations  have  lieen  made  and  much  of  the 
search  for  anriferous  quartz  has  been  made  by  men  either  without 
experience  or  without  capitid.  The  Big  Hurrah  quarts;  mine  O'e- 
8<?ribed  by  Mr*  ('oilier  on  p.  22S),  one  of  the  few  examples  of  intelli 
giently  directed  lode  development,  has  attained  a  depth  of  130  feet 
(liX)4),  Klse where  in  the  peninsula  but  few  prospect  shafts  and 
tunnels  have  reached  a  flepth  of  50  feet  (1004). 

The  search  for  lodes  and  the  study  of  the  bed-rock  source  of  the 
gold  are  rendered  difficidt  by  the  thick  mat  of  vegetation  which  man- 
tles much  of  the  surface.  A  heavy  talus  covers  the  hill  slopes,  and  the 
rock  floors  of  the  valleys  are  usually  deeply  buried  in  gravels.  There 
is,  therefore,  relatively  little  o})portunity  to  study  the  bed  rock. 


GROUPING  OF  DEPOSITS. 


For  this  discussion  a  somewhat  arbitrary  subdivision  of  the  ore 
bodies  luus  Ix'cn  adopted,  namely,  (1)  disseminated  deposits  and  (2) 
concentrated  de])osits.  In  the  first  group  falls  all  of  the  auriferous 
l)e(l  rock  in  which  the  gold  does  not  occur  along  any  well-marked 
individual  fracture  or  zone  of  fracture,  but  is  disseminated  in  larger 
rock  masses.  The  second  grou])  embraces  all  the  auriferous  deposits 
which  have  been  laid  down  along  well-deflned  fractures  or  zones  of 
fracture.  All  ore  bodies  having  any  prospective  commercial  value  fall 
into  the  gronj)  of  concentrated  deposits,  but  it  also  eml)races  many  in 
which  the  values  arc  (oo  low  or  too  widely  distributed  to  have  any 
ju'ospcctivc  value.     It  is  evident  that,  as  there  is  a  gradation  between 
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lodes  of  the  York  region  and  the  galena  deposits  of  the  Fish  River 
basin. 

DISSEMINATED  DEPOSITS. 

In  previous  reports  treating  of  the  mineral  rasoiirces  of.  Seward 
Peninsula,  emphasis  has  been  laid  on  the  fact  that  the  gold  was  de- 
rived chiefly  from  disseminated  deposits.  The  richness  of  the  placers 
has  been  attributed  rather  to  the  erosion  of  extensive  rock  masses  and 
subsequent  concentration  by  repeated  sorting  than  to  the  richness  of 
the  bed-rock  deposits.  Though  this  no  doubt  holds  true  for  many 
deposits,  yet  the  accumulation  of  more  evidence  both  from  placer- 
mining  operations  and  from  closer  studies  of  the  bed  rock  suggests 
a  far  greater  concentration  of  gold  in  the  bed  rock  than  was  at  first 
supposed.  However  this  may  be,  the  wide  distribution  of  gold  in  the 
metamorphic  terranes  is  attested  by  the  occurrence  of  colors  in  the 
gravels  of  almost  every  creek  whose  gravels  have  been  derived  from 
metamorphic  rocks. 

The  disseminated  deposits  appear  to  occur  only  in  rocks  having 
a  secondary  structure  that  is  sufficiently  well  developed  to  permit  the 
circulation  of  the  mineral-bearing  solutions.  In  general,  however, 
they  can  be  defined  as  deposits  formed  by  mineral  solutions  that  fol- 
lowed zones  of  fracturing  not  sufficiently  intensified  or  localized  to 
afford  well-defined  channels  of  circulation.  These  belts  of  mineral- 
ization, for  such  they  are,  probably  have  more  or  less  zonal  arrange- 
ment, as  is  indicated  by  the  distribution  of  the  placers,  and  appear  to 
follow  the  major  structural  features.  Some  of  the  deposits  carry  little 
or  no  gangue,  the  evidence  of  mineralization  being  limited  to  the 
presence  of  pyrites  or  their  oxidation  products,  together  with  some 
gold.  In  others  lenticular  masses  of  quartz  andyless  commonly,  cal- 
cite,  following  the  planes  of  foliation  and  carrying  metalliferous 
minerals,  are  found.  These  lenses  are  discontinuous  aggregates  of 
gangue  minerals,  and  are  usually  less  than  an  inch  in  width.  Locally 
the  quartz  and  calcite  occur  merely  as  blebs  a  few  inches  in  diameter, 
with  no  apparent  connection. 

The  York  region  tippears  to  offer  an  example  of  the  dissemination 
of  gold  in  the  bed  rock  and  consequent  absence  of  rich  placers,  in 
spite  of  the  extensive  erosion  that  has  taken  place.  In  the  metamor- 
phic slates  of  that  region  (see  p.  79)  blebs  and  stringer  veins  of 
auriferous  quartz  are  not  uncommon  in  the  bed  rock.  From  a  scien- 
tific standpoint,  considerable  areas  of  bed  rock  can  be  said  to  be 
mineralized,  but  these  are  disseminated  through  large  masses,  and  up 
to  the  present  time  no  well-defined  impregnated  zone  has  been  recog- 
nized. This  appears  in  a  large  measure  to  account  for  the  absence  of 
any  considerable  amount  of  alluvial  gold,  though  certain  conditions 
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of  emBioii,"  discua^ed  elsewhei'^),  alsa  have  been  advert  to  the  formi* 
tioa  of  plaeen^, 

fH^NCENTRATED    DEPOSITS. 

Thr"  roncPDtratf^d  ort-  botliesi  are  of  two  general  typeft — (1)  impreisr- 
nali*d  7Amvs  nt  fracture  and  (2)  fissure  veiim.  The  Hrnt  are  probably 
the  most  abundanl,  but  in  many  places  the  two  grade  into  each  other* 

The  iinj>regniittHl  »:ones  of  fractui-e  appear  to  have  hQjen  formed  by 
the  sliearing  of  rock  masses  nlon^  more  or  less  well-defined  zoiieis  and 
the  intniHion  of  the  nbatti^red  rock  masst^B  by  mineral-beariiig  ?*oIu- 
ticiua  Th^  prt^sence  of  incliided  fragments  of  foliated  rocks  in  the 
shear  zone  indicateH  that  the  strt*iiSes  that  developed  the  secondary 
struct  HIT  antedated  the  shearing,  which  was  accompanied  by  im^reg- 
nat  ions. 

\l'ithin  the  mineralized  zone  there  is  usually  a  system  of  intersect- 
ing fractures  that  are  followed  by  quartz  or  calcite  veins  and  stringers, 
the  whole  forming  what  Becker  has  termed  a  stringer  lead.  As  % 
rule^  the  entire  zone  strikes  paraHel  to  the  dominant  structures  of  tha 
country  rock,  but  many  of  the  fractures  are  discordant  to  the  walls  of 
tUe  ileposit.  The  dips  of  the  ore  bodies  vary  greatly,  but  most  cotn- 
moiily  are  nearly  vertical*  In  most  of  the  deposits  which  have  come 
to  the  notice  of  the  writer  the  zone  of  mineralisation  is  {founded  Iv 
si icken sided  walls.  Hei-e  and  there,  however,  the  ore  body  merges 
gradually  into  the  wall  rock.  In  some  deposits  gash  veins  penetrate 
both  walls. 

At  some  localities  two  systems  of  veining  were  observed,  one  of 
which,  following  the  foliation,  has  been  more  or  less  deformed.  The 
second  system  is  an  infiltration  along  joints  that  intersect  the  lines  of 
foliation.  Though  both  systems  were  found  to  carry  sulphides,  the 
younger  one  appeared  to  be  most  heavily  mineralized. 

The  dominant  mineral  in  the  vein  filling  is  usually  quartz,  but  in 
some  veins  calcite  is  more  abundant  than  the  quartz,  and  they 
very  conunouly  occur  together.  Little  attention  has  been  given  to  the 
ores  themselves.  Those  that  have  come  to  the  writer's  attention  are 
chiefly  pyrites,  and  among  these,  iron,  arsenical,  and  antimonial  pyrite 
appear  to  dominate,  but  chalcopyrite  has  also  been  found.  Other 
metallic  minerals  that  have  been  recognized  are  free  gold,  galena,  and 
stil)nite.  Scheelite  is  often  found  with  the  placer  gold,  but  has  not 
been  observed  in  place.  Cinnabar  occurs  in  abundance  in  the  gravels 
of  Daniels  Creek,  and  cassiterite  associated  with  alluvial  gold  has 
been  found  in  some  localities. 

These  deposits  appear  to  be  somewhat  irregular,  but  no  systematic 
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from  less  than  a  foot  to  possibly  50  feet  or  more,  but  there  are  still 
wider  ones  which  probably  belong  to  the  disseminated  deposits. 
Most  of  them  have  not  been  traced  farther  than  a  few  hundred  feet, 
but  in  one  case  at  least  a  zone  of  impregnation  has  been  followed  a 
mile  or  more  along  the  strike. 

Few  of  these  ore  bodies  have  been  sampled  and  there  is  little  infor- 
mation regarding  values.  As  high  as  $3  to  $10  a  ton  in  gold  has  been 
reported  to  the  writer  as  the  result  of  careful  sampling.  Inexperi- 
enced men  are  often  misled  by  the  high  values  obtained  from  the 
assay  of  picked  specimens.  It  appears  that  wherever  gold  is  found 
some  silver  is  present.  It  should  be  noted  that  many  of*  these  miner- 
alized zones  in  which  pyrite  is  present  carry  little  or  no  free  gold. 
Though  some  free  gold  has  been  found,  it  appears  that  most  deposits 
of  this  type  carry  base  ores. 

The  fissure  veins,  the  secona  type  of  concentrated  deposits,  are 
relatively  rare  compared  to  the  impregnated  zones.  This  is  at  least 
true  of  those  which  are  ore  bearing,  but  large  barren  quartz  veins  are 
not  uncommon  in  the  metamorphic  rocks  of  the  peninsula. 

The  fissure  veins  are  well  defined  and  usually  cut  the  foliation  of 
the  country  rock.  Like  the  impregnated  zones,  many  of  them  are 
sharply  differentiated  from  the  wall  rocks  by  slickensides.  Some*  of 
them,  however,  send  off  gash  veins  into  the  country  rock  which  follow 
the  foliation.  Quartz  veins  2  to  15  feet  wide  have  been  found,  but 
these  appear  to  be  barren  and  have  been  traced  no  great  distance. 
The  ore-bearing  veins  probably  range  from  less  than  a  foot  to  8  feet 
in  width.  In  the  Solomon  River  Valley  veins  have  been  traced  by 
surface  croppings  for  a  distance  of  more  than  half  a  mile.  From  the 
evidence  in  hand  it  would  appear  that  the  fissure  veins  were  more 
persistent  than  the  impregnated  zones. 

The  vein  filling  is  chiefly  quartz,  but  in  some  veins  calcite  is  prac- 
tically the  only  gangue  mineral.  Gold,  where  present,  is  usually 
free.  Iron  pyrite  is  almost  invariably  present,  and  some  galena  and 
chalcopyrite  has  been  found.  It  is  reported  that  one  chalcopyrite- 
bearing  lode  has  been  found  near  the  head  of  Nome  River  and  another 
(see  p.  298)  in  the  Kougarok  region.  Two  types  of  vein  filling  have 
been  recognized.  In  one  the  quartz  is  ribboned  and  little  calcite  is 
present.  This  is  the  characteristic  deposit  of  the  Big  Hurrah  Creek 
region,  described  by  Mr.  Collier  (p.  228).  In  the  other  type  the 
gangue  is  nearly  all  calcite,  through  which  the  gold  occurs  in  a  free 
state,  together  with  some  iron  pyrite.  No  workable  deposits  of  this 
type  have  been  discovered,  though  many  of  the  calcite  veins  yield  high 
assay  values.  In  general  it  may  be  said  that  the  fissure  veins  thus 
far  prospected,  except  those  in  the  Solomon  River  region,  have  not 
been  proved  to  be  workable  ore  bodies. 
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Tboofii  the  &Rire  ¥ciiis  and  impregnated  zones  have  been  dei 
as  didServnt  trpe^  of  depoats^  jet  h  is  noC  intended  to  imply  tlu 
lepresenc  disdnjci  epochs  of  mineraHiarion  for  they  may,  in  ] 
ka^.  beionc  to  the  same  period  of  intnisi<m.  In  many  ca^ 
formatioa  of  the  impregnated  acnes  appears  to  have  been  an  id 
proces  with  thai  of  the  Teins.  except  that  in  the  fissure  the 
appear  to  have  been  cnehed  without  any  notable  open  spacing 

CAdanxm-  and  galexa-beakixg  lodbb. 

Beades  the  auriferoos  deposits  above  described,  two  othei 
of  ore  bodies  have  been  foimd  on  the  peninsula,  namely,  tl 
sherite-be«ring  dikes  of  the  York  regi<m  and  the  galena-fa 
lodes  of  the  Fi^  River  region. 

The  tin-bewng  lodes  have  been  described  by  Collier  *  as  m 
ized  granite  dikes  whidi  appear  to  be  apophyses  from  larger  { 
masEesw  Besides  these*  Hess  *  has  described  tin-bearing  impreg 
veins  in  the  granite  area  at  Cape  Mountain.  In  some  plac 
mineralization  appears  to  have  occurred  along  the  peripheries 
granite  stocks.  A  lode  on  Ca^siterite  Creek  is  described  by  ( 
and  He!=s  as  essentially  a  mineralized  porphyry  dike,  more  < 
altered,  through  which  crystals  of  cassiterite  are  scattered.  I 
the  cassiterite  the  ore  carries  galena  and  some  gold  and  a 
variety  of  secondary  minerals.  Hess  has  also  described  a  gok 
ing  aplite  dike  which  occurs  on  Cape  Mountain. 

Mendenhall "  has  described  the  Omalik  silver  deposit  as  a  ^ 
bearing  lode,  occurring  at  the  contact  of  a  schistose  intrusive 
white  crystalline  limestone.  He  notes  the  presence  of  pyri 
stibnite.  His  examination  was  confined  to  the  outcrop,  for 
time  of  his  visit  the  mine  workings  had  caved  in.  Analysis  s 
the  presence  of  gold.  It  appears  that  this  deposit  is  imlikc 
described  from  which  the  alluvial  gold  has  been  derived.  S 
ore  bodies  have  been  reported  by  prospectors  from  other  pj 
the  peninsula,  but  have  not  been  examined  by  geologists. 

These  two  types  of  ore  Ixxlies,  occurring  near  the  eastei 
western  extremities  of  the  peninsula,  indicate  a  wide  distribui 
the  mineralization.  They  are  also  of  interest  to  the  miner,  I 
they  appear  to  be  examples  of  types  of  deposits  different  fron 
which  furnished  the  placer  ^old. 

"  Collier,  A.  J.,  The  tin  deposits  of  the  York  region,  Alaska  :  Bull.  U.  S.  Geol 

No.    L'20,    1004,  pp.   10-20. 

«•  HeHH.  K.  L.,  The  York  tin  region  :  Bull.  U.  S.  T.eol.  Survey  No.  284,  1906,  pp.  1 
'•  IteconnalHsances  in  the  Cape  Nome  and  Norton  Bay  regions.  Alaska,  In  1900,  a 

publication  of  the  U.  S.  Oeol.  Survey,  1901,  pp.  213-214. 
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DISTRIBUTION  OF  MINERALIZATION. 

An  adequate  discussion  of  the  distribution  of  the  ore  deposits  must 
await  a  more  complete  knowledge  of  the  geology.  Some  facts  have, 
however,  developed  in  course  of  the  investigation  that  appear  to  give 
support  to  certain  conclusions.  These  theories,  being  still  largely 
hypothetical,  are  here  presented  with  some  hesitancy,  because  the  de- 
termination of  the  loci  of  gold  in  bed  rock  is  of  such  obvious  im- 
portance to  the  mining  industry.  False  deductions,  if  accepted  by  the 
miner,  may  lead  to  misdirected  efforts  in  the  search  for  auriferous 
placers  and  lodes. 

As  yet  almost  the  only  criterion  of  the  occurrence  of  gold  in  bed 
rock  is  the  distribution  of  the  placers.  This  evidence  must  be  used 
with  caution,  because  (1)  placers  may  be  found  a  long  distance  from 
the  bed-rock  source  of  the  gold,  as  in  the  Nome  beach  deposits,  and 
(2)  gold  may  occur  in  bed  rock  where  the  conditions  are  unfavorable 
to  the  formation  of  placers.  It  is  a  well-established  fact,**  however, 
that  the  gold  of  the  gulch  and  creek  placers  is  for  the  most  part  de- 
rived from  bed  rock  of  the  immediate  vicinity,  and  this  fact  makes 
it  certain  that  the  areal  distribution  of  this  type  of  placers  is  probably 
almost  identical  with  the  areal  distribution  of  gold  in  bed  rock. 

The  gold  placers  of  Seward  Peninsula  fall  into  two  broad  belts, 
separated  by  the  Kigluaik  and  Bendeleben  mountains.  (See  Pis. 
X  and  XI,  in  pocket.)  In  the  southern  belt,  at  present  the  largest 
producer  of  gold,  are  included  the  Nome,  Solomon,  and  Ophir  regions 
and  some  smaller  mining  districts.  The  Bluestone,  Kougarok,  and 
Fairhaven  placers  lie  in  the  northern  zone.  The  absence  of  placer 
gold  in  intervening  regions  suggests  the  absence  of  gold  from  the  bed 
rock,  but  may  also  be  explained  by  the  fact  that  glaciation  and  other 
conditions  have  not  been  favorable  to  the  accumulation  of  auriferous 
gravels. 

Within  the  two  belts  the  placers  are  so  irregularly  distributed  as 
to  make  it  certain  that  some  other  cause  must  have  operated  in  de- 
termining their  occurrence  than  the  accidents  of  erosion  and  deposi- 
tion. On  some  creeks  there  are  rich  placers,  while  at  near-by  locali- 
ties, where  the  character  of  the  alluvial  deposits  is  identical,  gold  may 
be  almost  entirely  absent.  (See  maps.  Pis.  X  and  XI.)  A  natural 
inference  is  that  this  irregularity  is  due  to  the  irregularity  of  the 
distribution  of  the  gold  in  bed  rock. 

It  has  already  been  pointed  out  ^  that  there  appears  to  be  a  connection 
between  structure  and  the  distribution  of  the  auriferous  gravel.  This 
view  is  borne  out  by  the  evidence  of  the  geologic  maps,  which  indi- 

•  Reconnaissances  in  the  Cape  Nome  and  Norton  Bay  regions,  Alaska,  in  1900,  a  spe- 
cial publication  of  the  U.  S.  Geol.  Survey,  1901,  p.  141. 
»Op.  cit,  p.  144. 


most  of  tlte  workable  placei's  occui* 
contacts  of  Hmt^stoiics  mid  schii^tH,  These  contacts  have  in  many 
phioes  been  exposed  to  eronion  txa  a  re^siilt  of  the  domal  uplifts  already 
ini^ntioned.  TliiH,  however,  is  not  everywhere  the  cai^,  for  some  of 
the  Iim^Htont*->^ehist  coiitaet^  are  simply  (he  margin ji  of  lensei^  of  lime- 
stone included  in  the  s^'hiHt,  Be  the  relation  of  the  limestone  to  the 
HchiJit  what  it  may,  it  appeal^  to  l>e  established  that  the  Ijed-roek 
source  of  the  gold  in  most  deposits  is  traceable  to  a  limestone-schii«t 
contact.  Fnrthermore,  thesi?  contacts  appear  to  have  been  loci  of  the 
l^rcatcst  mineralization,  either  as  impregnated  zones  or  as  fissura 
Vfin>\  These  contacts  have  only  in  part  iH^eri  studied  and  niappeti 
and  if  the  distribution  of  all  the  placers  {PIh.  X  and  XI,  in  jK>ckt?t) 
iloe^s  not  follow  this  law,  this  it  my  only  appear  so  becaui^e  of  the  hick 
of  complete  data  on  the  Iwd-rock  g^^ology. 

The  cloH4'  association  of  the  placers  with  the  contacts  l>etwcen  lime- 
stone and  schist  is  well  illustrutei]  by  the  Opbir  Creek  region,  the 
geology  of  which  is  indicated  on  the  accompanying  sketch  (fig.  6) 
in  grt^atcr  detail  than  on  the  general  map  (PL  X)-  Several  Iinu^- 
stone  areas  are  mapped  which  may  l>elong  to  an  older  formation  or 
may  Ik^  leases  in  the  schists  which  surround  them.  The  contacts  be- 
tween the  two  types  of  rocks  where  exaniined  give  evidence  of  in- 
tense deformation,  resulting  in  shattering  and  shearing.  It  is  in  thtm 
zones  of  disturbance  that  the  presence  of  quartz  veins,  many  of  them 
ure  bearing,  is  mojst  noticeable.  In  the  diagraniniatic  section  (tig.  ^ 
the  relation  of  the  mineralized  zones  both  to  the  limestones  and 
schists  and  to  the  placers  is  brought  out.  For  the  purpose  of 
this  discussion  it  is  innnaterial  whether  the  limestone  is  a  distinct 
lower  member  of  the  succession  that  has  been  infolded  or  whether  it 
is  a  series  of  lenses  in  the  schist/'  The  point  is  that  along  the  con- 
tact of  the  limestone  and  the  schist  shearing  has  taken  phice,  and  also 
intrusion  of  mineral-bearing  solutions.  This  may  be  due  solely  to 
the  mechanical  influence  of  a  massive  bed  in  its  contact  with  a  schist 
during  the  defonuation,  or  also  to  the  chemical  composition  of  the 
limestone,  which  ma}^  have  had  some  influence  on  the  deposition  of 
mineral  veins. 

Though  the  evidence  of  the  placers  makes  it  api)ear  that  the  loci 
of  mineralization  are  usually  confined  to  the  contacts  of  the  lime- 
stones and  schists,  yet  there  are  known  to  be  ore  l)odies  which  occur 
in  other  associations.  Mention  has  been  made  of  the  cassiterite-bear- 
ing  dikes  and  the  galena  lodes  occurring  in  crystalline  limestone.  It 
is  also  probable  that  nnich  of  the  placer  gold  may  have  been  derived 
from   other   than    limestone   and    schist    contact    di*j)0sits.     I^etailed 
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special  map,  though  not  completed,  appear  to  indicate  that  the  placer 
gold  finds  its  source  in  a  zone  of  intricately  folded  and  faulted  rocks, 
and  not  necessarily  along  limestone-schist  contacts. 


6 


6 


wtf 


Fio.  6. — Geologic  sketch  map  and  section  of  Ophir  Creelc  region. 

All  the  deposits  referred  to  in  the  foregoing  discussion  occur  in 
the  Nome  group,  a  rather  heterogeneous  succession  of  limestones 
and  calcareous,  graphitic,  and  quartz  schists,  together  with  many 
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mstoiies.  Most  of  tlit*  j>l»n'er  depij^its  occur  in  the  vockn  of 
this  j|:roni>  and  heiire  it  would  ui)pt*ai'  to  afford  the  most  likLdy  fiehl 
for  on*  botliea  It  nmst  be  rerneinbered,  bowever,  that  the  urea,s  m 
which  the  Kighmik  groiip  b  the  country  roek  had  n  physiographic 
history  unfavorable  to  the  formation  of  placers.  The  absence  of 
placers,  therefore,  tnay  not  be  takeTi  as  definite  pi*oof  of  the  absence 
of  lodes.  Ah  a  matter  (*f  fact,  large  quartz  veins  are  not  uncommon 
ui  the  upper  formation  of  the  Ki^limik  group,  bat  most  of  these 
Iiave  been  found  to  he  only  slightly  min^^ralizeil.  A  little  gold  is, 
however  J  present  in  some  of  these  veins  and  they  deserve  examination- 

AGG  OF  MINERALIZATION. 


The  Inst  ojKich  of  extensive  intnLsion  appears  to  be  that  repre- 
sented by  the  massive  gninite^  tKTurring  as  stocks  or  dikes  tli rough- 
out  the  [peninsula.  There  is  appai'ently  some  evidence  tlial  tlic  hii^t 
intrusion  of  the  quartz  veins  was  coincident  with  the  granite  injec- 
tion. Collier  and  Hess  have  shown  this  to  be  the  case  with  some  of 
the  cassiterite-bearing  veins  so  closely  associatetl  with  granitic  in- 
tnisives.  In  any  event  it  is  certain  that  both  the  granite  and  the 
quartz  veins  have  been  injected  since  the  la^t  extensive  epoch  of 
deformation.  The  fact  that  there  are  deformed  quartz  veins  and 
granite.s  does  not  militate  against  this  conclusion,  for  it  appeant 
1 1  lilt  tlu^st^  beloTi^  to  art  older  intriU'^ive  f*poph.  In  a  ftirnuM*  r'cp^^rt 
the  writer  has  suggested  that  the  dome  structure  may  have  been 
brought  about  by  greenstone  intrusions,  but  this  does  not  appear 
to  be  borne  out  by  the  later  investigations.  In  the  northeastern 
])art  of  the  i)eninsula  Moffit "  found  that  many  of  the  domes  had 
a  granitic  core,  and  he  suggested  that  the  dome  structure  nuiy  have 
been  caused  by  granite  intrusions.  If  this  is  the  case  and  the  mar- 
gins of  the  domes  ])rove  to  be  the  loci  of  ore  deposits,  there  is 
probably  a  genetic  relation  between  the  granite  and  the  quartz; 
veins. 

There  is  little  direct  evidence  of  the  age  of  the  granite  intrusion, 
but  it  appears  to  have  antedated  the  deposition  of  the  lignite-bear- 
ing l)eds  found  in  various  parts  of  the  ])eninsula,  probably  of 
Eocene.''  but  j)ossil)ly  of  TTpper  Cretaceous  age.  Si)urr '^'  found 
granitic  rocks  cutting  l)eds  of  Lower  Cretaceous  age  in  the  lower 
Kuskokwim  basin.  These  are  the  nearest  granites  to  Seward 
Peninsula  of  wliose  age  anything  is  known.     As  no  granitic  intru- 


"  MoffU.  F.  n.,  Tho  Fairhnvon  gold  pliKHM's.  Soward  IVninsnla.  Alaska  :  Bull.  V.  S.  (;eoI. 
Survey   No.   247.    lOOr).   p.    L>;i. 

'' P.i-uok.s,  A.  II..  (Ie<)«,'rai)hy  and  Kt'oloi;y  of  Alaska:    Crof.   I'aix'r   \\  S.  (Jeol.  Survey  No. 
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sives  have  been  found  in  any  of  the  younger  terranes  of  Alaska 
it  seems  probable  that  those  of  the  peninsula  were  intruded  in  early 
Cretaceous  time." 

SEPARATION    OF    GOIjD    FROM    BED    ROCK. 

The  separation  of  gold  from  bed  rock  is  brought  about  by  processes 
of  erosion,  of  which  secular  decay  is  the  most  effective,  but  corra- 
sion  also  plays  a  part.  Though  the  long  accumulation  of  weathered 
bed  rock  in  place  is  the  most  favorable  condition  for  the  formation 
of  placers,  yet  it  does  not  follow  that  rich  alluvial  deposits  may 
not  be  formed  by  rapid  erosion  of  bed  rock  when  the  detritus  is  re- 
moved as  fast  as  it  accumulates.  The  ordinary  processes  of  erosion, 
by  which  through  the  action  of  rain,  frost,  ice,  vegetable  life,  and 
other  agencies,  hard  rocks  are  converted  into  loose  material,  are  too 
well  known  to  require  description.  Of  greater  importance  to  this  dis- 
cussion is  the  rock  decay  that  is  not  accompanied  by  any  considerable 
mechanical  removal  of  material. 

Hard  rocks  by  disintegration  and  decay  are  transformed  into  loose 
material.  During  these  processes  the  soluble  rock  constituents  are 
removed  through  the  agency  of  water,  and  there  remains  a  residual 
mass  made  up  of  relatively  insoluble  matter.  The  breaking  down  of 
the  rock  and  the  accompanying  chemical  changes  of  the  constituent 
materials  set  free  the  gold,  one  of  the  relatively  indestructible  miner- 
als, and  this  becomes  intermingled  with  the  other  insoluble  material. 
Clay  dominates  in  the  residual  mass,  but  if  the  parent  rock  contained 
quartz,  this,  too,  usually  remains,  being  probably  the  most  refrac- 
tory of  all  the  common  minerals  toward  purely  chemical  agen- 
cies. Mineralized  vein  quartz  very  commonly  carries  easily  decom- 
posed minerals,  such  as  pyrites,  and  is  therefore  readily  broken  up, 
allowing  the  insoluble  ingredients  of  the  ore  body,  such  as  gold,  to  be 
set  free.  This  process  is  hastened  by  purely  physical  agencies,  such 
as  frost  and  changes  of  temperature,  which  break  up  the  insoluble 
rock  constituents. 

Russell,''  in  describing  residual  rocks  of  the  southern  Appalachian 
region,  says : 

The  quartz  reins  so  common  throughout  the  crystalline  areas  of  Virginia,  the 
CaroHnas,  etc.,  are  more  durable  than  the  rocks  inclosing  them,  and  retain  their 
integrity  long  after  the  associated  schists  have  changed  to  plastic  clays.  Bowl- 
ders and  pebbles  derived  from  the  breaking  up  of  quartz  veins  cover  the  surface 
with  a  continuous  sheet  of  debris  over  large  areas,  forming  a  residual  deposit, 

«  The  age  of  the  mlDerallzation  in  southeastern  Alaska  and  the  Yukon  basin  has  been 
briefly  discnssed  by  the  writer  In  Some  recent  pubHcatlons  on  Alaska  and  adjacent 
regioos:    Rcooomic  Geology,  vol.  1.  1906,  pp.  342-355. 

*RuB8eU,  I.  Cm  Subaerial  decay  of  rocks  and  origin  of  the  red  color  of  certain  forma- 
tiona :  BuU.  U.  8.  Geol.  Survey  No.  52,  1889,  p.  14. 
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the  orlfrln  df  which  Iw  r*^vpnl^l  at  a  glnof-e.    The  qimrtz  itself,  althougli  opjitift 
lug  irrt^at  ranlHtance  ta  ilisiiitegratloo.  Is  not  iadestiijctible,  as  is  shown  by  the^ 
brown.  Iron-fltalnfHfl  lines  thnt  trn verso  it  In  e^'ery  c^ire^'tion,  marking  the  fnur^^^ 
of  liielpfeiit  frftcturea.    The  eontiDual  brenktng  of  the  quartz  Into  smaller  aad^ 
an  jailer  f  ragmen  ti§  producew  tin  angular  sand  which  everywhere  forms  an  mp*e*  H 
dient  of  the  red  Hay  ^11. 

Hayes"  has  shown  that  under  certain  conditions  even  quart?,  is 
readily  sohible  by  siirface  water!?!;.     It  is  evident^  therefoi-e,  that  the 
gold  induded  in  quartz  veins,  will,  in  course  of  the  process  of  weath-^ 
enng,  eventually  be  set  free.  " 

As  a  rule,  the  changes  in  »  rock  masa  brought  about  by  weathering 
result  in  a  very  material  reduction  in  its  bulk.**  The  loss  of  material 
by  weathering  among  siliceous  crystalline  rocks,  according  to  Mer- 
rilK^  amounts  to  more  than  50  per  cent,  and  in  the  purer  forms  of 
limestone  it  may  reach  as  high  as  99  per  cent,  Pumpelly  ^  has  esti- 
mated that  in  the  limestone  areas  of  the  Ozark  Mountains  the  residual 
luaterial  represents  only  from  2  to  9  per  cent  of  the  original  rock  ma.ss. 
Such  reductions  in  volume  necessarily  result  in  more  or  lass  concen- 
tration of  any  insoluble  material  that  may  have  Ix'cn  disseminated  in 
the  parent  rock.  This  concentration  will  be  materially  gi'eater  in  the 
case  of  substances  of  high  specific  gravity,  such  as  gold,  than  in 
that  of  the  lighter  minerals,  for  the  foi*mer  will  have  a  coni=;tftnt 
tendency  to  settle  to  the  bottom  of  the  loose  material.  On  declivities 
gravity  will  accelerate  the  prot?ess  nnd  help  to  sort  the  material, 
producing  in  some  places  a  rough  stratification/    This  is  a  secular 

process  and  will  proceed  as  long  as  the  rocks  continue  to  disintegrate 

Placers  may  bo  formed  in  this  manner  without  mechanical  trans — 
portation.  Becker  f  has  described  such  types  of  placei-s  in  the  south- 
ern Appalachian  region,  where  they  at  one  time  formed  an  importantr^ 
source  of  gold.  To  the  same  class  probably  l)elongs  also  the  extraor— 
dinarily  rich  placer  known  as  the  Caribou  Bill  claim  near  the  divider 
between  Anvil  and  Dexter  creeks  on  Seward  Peninsula.  (See 
p.  200.) 

This  j)rocess  is  here  set  forth  in  some  detail  because  it  is  believed 
that  the  first  concentration  of  gold  after  i^eing  set  free  from  Ix^d 
rock,  by  the  contraction  of  the  residual  mass  due  to  disintegration 

"  Hayes,  C.  W.,  Solution  of  silica  under  atmosplieric  conditions :  Bull.  Geol.  Soc. 
America,   vol.    S.    ISOT.    pp.    213   220. 

''  Merrill  has  sliown  that  in  certain  changes  by  hydration  there  is  an  increase  in  bulk. 
ITe  estimated  that  in  the  conversion  of  granite  into  soil  (District  of  Columbia)  there 
had  been  an  increase  in  volume  amounting  to  SS  per  cent.  Compare  Merrill.  (1.  I*..  Trin- 
ciples  of  rock  weathering:   .Tour.  Ceol..   vol.  4.   ISlXi.   p.   Tls. 

*"  Merrill,  <J.   I*..  Hocks,  rock  weathering,  and  soils.  New  York.   1807.  p.  2.34. 

'' Tumpelly.  Raphael.  The  relation  of  secular  rock  disintegi-ation  to  loess,  glacial  drift, 
and  rock  basins:   Am.  .Tour.  Sci..  3d  ser.,  vol.  17.  1870.  p.   1."W.. 
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and  decay,  has  been  an  important  factor  in  the  formation  of  rich 
placers.  It  is  not  intended  to  imply  that  these  residual  placers  are 
themselves  of  great  value,  except  in  certain  places,  but  rather  that 
they  represent  an  intermediate  stage  between  the  gold  in  bed  rock 
and  the  sorted  placers. 

If  it  is  granted  that  the  deep  decay  of  bed  rock  is  a  favorable  pre- 
liminary stage  to  the  formation  of  placers,  it  is  pertinent  to  consider 
the  conditions  under  which  such  decay  takes  place.  The  agencies 
that  bring  about  weathering  are  primarily  solution,  changes  of  tem- 
perature, beating  of  rains,  gravity,  and  vegetation.  All  these  agencies 
have  played  their  part  in  the  reduction  of  the  rocks  of  Seward  Penin- 
sula. Though  it  is  probably  true  that  rock  weathering  is  more  rapid 
in  warm  than  in  cold  countries,  yet  the  sweeping  assertions  that  have 
been  made  in  regard  to  the  absence  of  residual  material  in  high  lati- 
tudes have  not  been  borne  out  by  the  writer's  observations.  Many  of 
the  placer-mining  operations  in  this  region  have  disclosed  a  consider- 
able thickness  of  residual  material,  but  the  data  are  as  yet  too  incom- 
plete for  a  detailed  discussion.  The  great  irregularity  in  the  distri- 
bution of  the  permanent  ground  frost — in  some  places  reaching  to 
depths  of  100  feet  or  more,  in  others  entirely  lacking — would  appear 
to  favor  the  breaking  down  of  the  hard  rocks.  Throughout  Seward 
Peninsula,  except  in  the  Kigluaik  Mountains,  which  have  been  gla- 
ciated, the  lower  hill  slopes  are  buried  in  a  thick  mantle  of  talus  and 
residual  material,  and  bed  rock  is  usually  exposed  only  at  the  crest 
lines.  In  the  gulches  and  stream  valleys  residual  clays  8  to  15  feet 
thick  are  not  uncommon.  All  of  this  goes  to  prove  that  decay  is  not 
confined  to  the  region  of  warmer  climate  and  excessive  rainfall. 

It  is  evident  that  the  effectiveness  of  all  these  agencies  is  propor- 
tional to  the  length  of  time  in  which  they  are  operative.  A  land  mass 
must  remain  stable,  relative  to  sea  level,  for  a  long  period  of  time  to 
permit  the  accumulation  of  any  considerable  amount  of  residual 
material.  Uplifts  bring  about  renewed  activities  of  the  watercourses, 
and  the  residual  mantle  is  quickly  removed  by  erosion.  It  is  evident 
that  the  conditions  that  are  most  favorable  to  the  accumulation  of 
residual  material  are  those  in  which  the  land  mass  is  at  or  near  base- 
level,  when  erosion  is  reduced  to  a  minimum. 

Attention  has  been  called  to  the  topographic  evidence  of  a  long 
epoch  of  erosion,  which  plana  ted  much  of  the  peninsula.  If  the  facts 
are  interpreted  correctly,  a  peneplain  was  formed  over  nearly  the 
entire  peninsula  since  Eocene  time.  This  indicates  a  long  period  of 
time  during  which  the  conditions  would  be  favorable  for  disintegra- 
tion and  decay.  The  thesis  that  the  writer  would  advance,  then,  is 
that  the  peneplanation  of  Seward  Peninsula,  previous  to  the  present 
geographic  cycle,  has  been  an  important  factor  in  the  concentration 
of  the  placer  gold. 
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ITie  third  imix)rtant  agency  in  t!ie  fommtion  uf  placers  is  transr 
portntion,  Horting,  rind  deposition  by  water.     Material  set  frt?e  from 
the  l>ed  rork  has  a  constant  tendency  tu  jnove  toward  liasedcveh     This 
inoveiiient  is  bnmght  about  by  j^ravity  aided  by  the  transportiag 
jKiwor  of  Mater.     The  transporting  power  of  a  streMin  is  depentlent 
on    its   veloeity,    which    is   a    variant   deternuninl    by    the    gradient, 
volume,  and  load.     When  a  stream  is  overloaded  with  sediment,  the 
excess  is  dropped.     When  it  is  underloaded,  it  cr^ides.     \\li€»ii  equi* 
librium  has  been  established,  neither  erosion  nor  deposition  taka 
place*     Gradient,  volume,  and  load  usual ly  vary  in  tlie  same  stream,! 
so  that  deposition  may  be  going  on  in  one  part  of  its  valley  and 
erosion  in  another.     Wlicn  a  stream  is  eroding,  the  material  within - 
reach  of  its  activity  is  constantly  moved  in  a  downstream  directioa,^ 
All  movements  of  this  kind  are  aeeompanied  by  more  or  less  sorting 
and  make  for  the  concentration  of  the  heavier  particles. 

Deposition  takes  place  in  a  stream  when  the  velocity  is  decreased, 
either  by  the  periodic  changes  in  volume  or  by  a  change  of  gradient 
A^Tiere  there  is  a  change  of  grade,  resulting  in  diminished  velocity, 
the  gold  is  laid  down  with  the  other  sediments.  It  must  be  i-emeni- 
beredj  however,  that  placer  gold  may  find  hxlgment  in  inequalities  olJ 
the  bed-rock  surface  where  no  considei'able  deposition  of  detrital  mat-  ■ 
ter  has  tiiken  place*  though  extensive  placers  are,  as  a  rule,  not  formed 
because  of  irregularities  in  the  bed-rock  surface  alone.  The  concen- 
tration of  gold  in  river  bars  in  analogous  to  its  deposition  in  stream 
l)eds,  for  it  is  dropped  where  tlie  velocity  of  the  current  is  checked 
by  the  formation  of  eddies,  due  to  the  inequalities  of  the  river  floor. 

CONCET»fTRATION  OF  GOJ.T>  OX  BED  ROCK. 

The  occurrence  of  the  richest  placers  on  or  near  bed  rock  is  a 
normal  condition  wherever  auriferous  alluvium  has  been  mined. 
Various  theories  have  been  advanced  for  this  concentration  on  bed 
rock,  but  they  appear  to  be  inadequate  to  exj)lain  many  occurrences. 
Tt  is  self-evident  that  a  placer  with  an  overl)urden  not  exceeding  tlie 
depth  to  which  alluvium  is  disturbed  and  sorted  during  one  period 
of  deposition  would  have  its  heavy  ingredients  concentrated  at  the 
l)ottom  merely  by  the  action  of  gravity,  (iravity  alone  would  appear 
insufficient  to  account  for  the  concentration  of  gold  in  gravels  having 
a  depth  of  20  to  200  feet,  for  such  gravels  were  evidently  not  laid 
down  at  one  time.  The  highest  strata  must  have  been  deposited 
without  disturbing  the  lower  strata.  If  the  gold  were  deposited  at 
Ihc  liottom  solely  by  the  ut^tiori  uf  irnvvity  dni  inir  \\[r  prnc^^ss  of  der 
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Posepney  ^  has  argued  that  the  particles  of  gold  were  concentrated 
on  bed  rock  by  working  their  w^ay  down  through  the  unconsolidated 
material  below  solely  through  the  action  of  gravity  and  after  the 
gravels  had  been  deposited.  Smyth  ^  has,  however,  shown  that  such 
action  would  be  inversely  proportional  to  the  size  of  the  particles,  and 
hence  the  finest  gold  shoul(J  be  at  the  bottom  of  the  deposits.  As  a 
matter  of  fact  the  contrary  is  true.  Moreover,  many  of  the  Alaskan 
placers  are  frozen  and  have  probably  been  so  for  the  most  part  since 
their  original  deposition. 

Spencer^  has  described  the  placers  on  Gold  Creek,  near  Juneau, 
showing  that  here  deposition  began  on  bed  rock  where  there  was  a 
change  in  the  gradient  of  the  stream  and  that  this  action  continued 
progressively  toward  the  headwaters,  and  this  appears  to  be  a  general 
law.  In  such  a  manner  a  series  of  placers  would  be  formed,  lying  on 
or  close  to  bed  rock.  It  would  seem,  however,  that  this  can  not  be 
advanced  as  a  general  law  governing  the  formation  of  placers,  unless 
the  supply  of  gold  furnished  by  erosion  ceased  when  all  the  bed  rock 
had  been  covered.  If  the  gold  from  the  parent  rock  had  been  concen- 
trated by  secular  decay,  leaving  it  intermingled  with  clay  and  other 
light  substances,  not  only  would  the  conditions  then  be  favorable  to 
the  formation  of  placers,  but  such  placers  would  carry  more  gold 
than  later  ones  unless  a  period  of  quiescence  with  accompanying 
decay  intervened. 

The  gold  set  free  by  secular  decay  is  intermingled  chiefly  with  clay, 
and  this  would  be  quickly  removed  by  erosion  if  uplift  renewed  the 
cutting  power  of  the  stream.  By  this  means  gold  already  concen- 
trated by  weathering  would  be  deposited  as  the  bottom  layer  of  the 
sediments  laid  down  during  the  new  geographic  cycle.  The  erosion 
of  bed  rock  after  the  mantle  of  weathered  material  had  been  removed 
might  continue  to  supply  gold,  yet  this  could  be  concentrated  only 
by  the  ordinary  processes  of  sorting  and  would  be  more  or  less  dis- 
seminated in  the  overburden  covering  the  first  placers  formed.  It 
seems  probable,  too,  that  more  rapid  erosion  and  the  abrasion  accom- 
panying the  destruction  of  the  hard  rock  during  the  new  geographic 
cycle  may  account  for  the  absence  of  any  large  percentage  of  coarse 
gold  in  the  later  alluvial  deposits. 

In  the  southern  Appalachians  there  appears  to  be  a  field  where  the 
first  condition  for  the  formation  of  placers  has  been  met.     During 

•  Posepney,  F.,  Zor  Genesis  der  Metallselfen  :  Oesterrelchische  Zeitschr.  f.  Berg-  und 
nattenwesen,  vol.  35,  1887,  p.  327. 

» Smyth,  n.  L.,  The  origin  and  classification  of  placers :  Eng.  and  Min.  Jour.,  vol.  79, 
1906,  p.  1228. 

<•  Spencer,  A.  C,  The  Juneau  gold  belt :  Bull.  U.  S.  Geol.  Survey  No.  287,  1907,  pp. 
77-85. 
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two  cycles  of  plainition "  deep  rock  decay  has  taken  place,  and  heno 
residual  place  rw  have  I  men  formed*     Tlie  absence  of  any  contiiderablel 
upliff,  however,  has  prevented  the  dissection  of  these  renidual  de-1 
jxj^its,  and  as  a  result  there  hns  b(*eii  no  sortuig*     The  gold,  therefore, 
is  found  on  bed  rock  only  where  gravity  han  aided  the  concentration, 
namely,  on  hill  slo|3es/ 

l>ee[>  BoeuJar  tlocay,  a  concomitant  of  base-level  conditions,  has,  in 
the  opinion  of  the  writer,  in  most  of  the  important  placer  liclds  of  the 
wurld,  preceded  tlie  period  of  rapid  deposition  to  which  the  furniation 
i>f  placers  i.s  usually  uHsignetL 

The  general  eyule  of  eventif  favorable  to  the  formation  is,  then, 
ba^^- leveling,  followed  by  rapid  uplift.  The  siniple  conditions 
above  set  fort  1 1  are  probably  rarely  fulfilled*  In  Seward  Peninsula 
a  general  base-leveling  antedated  the  formation  of  the  placers,  yet 
since  that  pla nation  there  have  been  many  uplifts  and  depressiorts, 
Ijroliably  separated  by  int-ervals  of  stability  long  enough  to  permit 
considerable  secular  decay. 

BECOHCENTRATTON  OF  PliACER   GOLD. 

In  the  foregoing  pages  the  succession  of  events  in  the  formation 
i>{  placers  has  been  traced  from  tlie  time  when  the  gold  is  set  free 
from  bed  rock  until  it  Siids  a  resting  place  in  the  aurifei'ous  alliJ* 
viuni.  What  hns  lieen  described  is  tlte  history  of  events  that  tnke  H 
place  during  an  uninterrupted  geographic  cycle.  If,  how^ever,  after 
the  placer  has  been  formed,  an  uplift  wdiich  renews  the  erosive  power 
of  the  streams  (K'curs,  a  re-sorting  of  the  auriferous  material  may 
be  etlected  and  new  ])lacers  formed  that  may  he  much  richer  than 
tlie  primary  deposits.  Such  a  secondary  concentration  has  been 
very  marked  in  some  of  the  Seward  Peninsuhi  placers.  The  prcx*- 
esses  of  erosion  and  deposition  are  those  already  described  and  need 
not  be  considered  again. 

Among  the  important  re-sorted  types  are  the  beach  placers,  formed 
by  the  action  of  the  surf  on  the  uplifted  stream  gravels  of  the 
coastal  phiiu.  Tliis  process  of  wave  ccmcentration  has  yiekled  some 
extraordinarily  rich  deposits.  (See  description  of  Nome  beach 
j^Iaccrs.  p.  151,  and  of  Topkok  beach  placers,  p.  289.)  A  less 
(evident  but  pr()bal)ly  equally  important  type  of  reconcentrated 
placers  comprises  tliose  enriched  by  the  dissection  of  the  high  gravels 
ill  the  Anvil  Creek  region  (p.  18()).  Kcconceiit rated  placers  are 
also  found  in  the  l)e(ls  of  the  streams  which  traverse  the  costal 
plain  near  Nome. 


"  nny(>s.    ('.    W..   and   Cainpholl. 


DutluM-n    Ai)|)}il:iclilaiis: 
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In  some  places  the  placer  gold  has  probably  existed  as  such 
through  several  geographic  cycles  and  has  been  re-sorted  a  number 
of  times  since  it  was  freed  from  bed  rock.  The  processes  of  recon- 
centration  and  the  various  types  of  placers  thus  formed  have  been 
considered  at  some  length  by  the  writer**  and  need  not  here  be 
further  discussed. 

HIISTTS    TO   PROSPECTORS. 

INTRODUCTION. 

The  foregoing  pages  are  intended  to  lead  to  a  better  understanding 
of  the  detailed  descriptions  that  follow  and  also  to  elucidate  some  of 
the  general  laws  that  control  the  occurrence  of  gold  in  this  province. 
An  attempt  will  here  be  made  to  present  briefly  the  application  of 
these  theories  to  the  placer-mining  industry.  Had  the  investigation 
gone  far  enough  to  formulate  definite  laws  on  the  source  and  distri- 
bution of  the  alluvial  gold,  it  would,  no  doubt,  have  great  practical 
value,  but  even  the  incomplete  data  and  more  or  less  theoretical  con- 
clusions will,  it  is  hoped,  be  useful  to  the  prospector.  Prospectors  and 
miners  are  sometimes  prone  to  regard  the  results  of  the  geologist's 
study  as  of  purely  scientific  interest,  but  as  the  application  of  geology 
to  mining  becomes  better  known  this  fallacy  is  gradually  being  dis- 
pelled. It  is  hoped  that  the  matter  here  presented,  though  intended 
primarily  for  the  inexperienced  prospector,  may  be  not  without  inter- 
est to  those  who  are  unfamiliar  with  the  conditions  prevailing  in 
Seward  Peninsula. 

A  placer  is  an  unconsolidated  deposit  accumulated  by  mechanical 
processes,  carrying  one  or  more  minerals  in  commercial  quantities. 
All  placers  are  secondary  deposits — that  is,  the  material  of  which 
they  are  composed  was  originally  derived  by  erosion  of  bed  rock. 
Although  it  is  undoubtedly  true  that  under  certain  conditions  nug- 
gets of  placer  gold  have  been  enlarged  through  chemical  precipita- 
tion, yet  this  action  is  a  negligible  quantity  in  placers.^  Placers  may 
be  derived  solely  by  rock  weat^hering  without  water  sorting,  but  more 
commonly  are  the  result  of  water  transportation,  sorting,  and  depo- 
sition. Some  of  the  richest  placers  are  those  formed  by  the  erosion 
of  older  placers  and  the  reconcentration  of  their  gold. 

A  theory  not  uncommon  among  miners  that  the  placer  gold 
reached  its  present  position  by  glacial  action  is  not  sustained  by  any 
facts  known  to  the  writer.  The  forces  of  erosion  now  in  operation 
are  ample  to  bring  about  the  formation  of  placers,  and  it  is  not  neces- 

«  Reconnaissances  in  the  Cape  Nome  and  Norton  Bay  regions,  Alaska,  in  1900,  a  special 
pnbUcation  of  the  U.  S.  Geol.  Survey,  1901,  pp.  144-151. 

*  A.  Llyersidge  (On  the  crystalline  structure  of  gold  and  platinum  nuggets  and  gold 
ingots:  Jour.  Roy.  Soc.  New  South  Wales,  1897,  pp.  70-79)  has  shown  that  gold  nuggets 
studied  by  him  liaye  no  internal  structure  indicating  chemical  growth. 


sary  to  !ia  vc  recourse  Lo  lliu  viirious  theorie.s  of  glnciitiiKm,  v^olcanism, 
etc,^  ciiriHjnt  among  pi-ospectoi^  It  should  be  notetU  however,  tluit 
erosion  may  liave  been  accelerated  or  retarded  in  tlie  past  liy  tlie 
uplift  or  depresvsion  of  the  land.  Evidences  of  uplift  iiro  common  in 
8evvard  Peninsula,  the  most  striking  beting  the  elevated  bejich  pharrs 
near  Nome  and  the  high -bench  gravels  near  the  head  of  Anvil  OreeL 
Klevution  may  bring  aliout  the  destrnction  of  former  placers  and 
the  concentration  cjf  their  gold  in  new  placei-s- 


GOLD    IN    BED    ROCK. 


1 


As  has  lM*t^n  stated,  the  placer  gold  has  its  t^ource  in  the  hml  n.K*k 
and  in  this  lieltl  none  except  some  of  tlie  finest  has  been  transported 
far  fi*om  its  i^urce.  The  facts  previously  presented  indicate  that  the 
lines  of  contact  of  tlie  limestones  and  schists  are  most  favorable  for 
the  occurrence  of  gold  in  bed  rock.  This  is  esj>ecially  true  if  the  con- 
tact gives  evidence  of  having  been  a  line  of  movement.  \j\  exceed* 
ingly  broken  up  and  schistose  condition  of  the  rock  is  an  indication 
of  such  movements,  which  are  often  accompanied  by  the  develo[)meat 
of  micaceous  minerals,  giving  the  rock  the  apjiearance  of  talc  or 
soapstone.  If  such  contacts  are  found  they  should  Imi  carefully  exam- 
ined for  evidence  of  minenilization,  which  may  result  in  the  forma- 
tion of  well-defined  quartz  or  calcite  veinf?,  or  may  be  simply  an 
impregnation  of  the  tied  nx'k  by  mineral-liejiring  solutions.  If  min-  S 
eralization  occurs  it  is  usually  accompanied  by  the  deposition  of 
some  of  the  pyrite  minerals  and  then  decomposition  gives  a  charac- 
Icristic  iron  or  copper  stain. 

The  character  of  tlic  ores  has  been  described,  but  it  should  here  be  - 
noted  that  the  gold  of  many  of  the  mineralized  zones  appears  to  be 
incliKJcd  in  arsenical  and  iron  pyrite.  In  this  type  of  deposit  free- 
milling  ores  would  be  limited  to  a  shallow  surface  zone.  In  another 
type,  to  which  the  Big  Hurrah  quartz  mine  belongs,  the  gold  occurs 
fi'ce  in  a  quartz  or  calcite  gangue. 

The  more  detailed  knowledge  gained  since  the  former  report  was 
prepared  makes  it  probable  that  the  gold  wjis  not  so  widely  dissemi- 
nated in  the  bed  rock  as  was  at  first  sui)p()sed.  On  the  whole,  there- 
I'ore,  the  cunudative  evidence  rather  favors  the  discovery  of  lode 
(h^posits.  It  is  with  some  hesitjiney  that  tlu^  writer  makes  this  state- 
ment, for  it  may  be  interpreted  as  an  untiualihed  indorsement  of  the 
lode-mining  industry  of  the  peninsula,  which  is  far  fi'om  being  his 
purj)ose.  The  sole  object  of  this  statement  is  to  draw  attention  to 
this  region  as  a  possible  Held  for  quartz  mining. 

It  can  not  be  too  strongly  urged  that  eviMv  (juartz  claim  be  thor- 
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mining  schemes  that  have  been  foisted  on  the  public.  Nonresidents 
should  be  particularly  careful  in  investing  in  mining  enterprises  con- 
cerning the  management  of  which  they  have  no  personal  knowledge. 
As  a  general  rule,  it  is  safe  to  presume  that  a  man  who  has  to  find  his 
capital  by  alluring  advertisements  in  communities  where  he  is  per- 
sonally unknown  has  something  to  dispose  of  that  is  unmarketable 
among  those  who  are  most  familiar  with  it. 

Though  the  question  of  costs  in  lode  mining  has  not  yet  been  care- 
fully studied  in  Seward  Peninsula,  they  are  higher  than  in  many  more 
accessible  regions.  It  is  perhaps  safe  to  say  that  under  the  present 
conditions  (1905)  no  lode  deposit  not  yielding  at  least  $10  to  the  ton 
by  carefully  taken  commercial  samples  is  worthy  of  further  investiga- 
tion. The  cost  of  mining  is,  however,  being  gradually  reduced.  When 
the  placers  are  worked  out  the  water  ditches  can  be  turned  into  power 
for  lode  mining,  and  by  that  time,  too,  there  will  be  ample  transpor- 
tation facilities. 

GOLD  IN   PLACERS. 

The  search  for  alluvial  gold  should  be  guided  by  the  fact  that  it 
is  usually  deposited  w^here  the  current  of  a  stream  has  been  checked. 
For  example,  a  broad  basin  above  a  steep-walled  canyon  is  more  likely 
to  carry  gold  than  the  valley  below  the  canyon,  provided  the  bed- 
rock source  of  the  gold  is  above  the  basin.  Moreover,  coarse  gold 
is  more  likely  to  be  found  at  the  head  of  a  filled  basin  than  near  its 
outlet.  The  same  holds  true  of  a  stream  that  debouches  on  a  coastal 
plain,  which  will  deposit  the  coarse  gold  it  may  carry  near  the  head 
of  its  delta.  Some  special  conditions  of  deposition  are  described  by 
Mr.  Collier  and  Mr.  Hess  (p.  198)  in  the  high-bench  gravels  be- 
tween Anvil  and  Dexter  creeks.  Here  the  gold  deposited  by  a  former 
drainage  system  has  been  apparently  laid  down  in  steep-walled  val- 
leys and  stream  deposition  has  alternated  with  the  accumulation  of 
talus  material  (slide  rock).  This  broken  rock,  making  its  way  down 
the  valley  slope  in  huge  slabs,  has  settled  together,  presenting  the 
semblance  of  bed  rock  and  furnishing  a  floor  upon  which  the  gold  has 
been  deposited.  The  piercing  of  these  old  buried  talus  slopes  and  the 
finding  of  gravels  underneath  has  led  some  to  believe  that  gravels 
occur  under  solid  bed  rock.  A  consideration  of  the  origin  of  these 
deposits  shows  the  utter  fallacy  of  this  conclusion. 

High-bench  gravels  have  been  found  in  many  parts  of  the  penin- 
sula, but  only  near  Nome  have  they  become  important  gold  producers. 
The  high  gravels  of  Anvil  and  Dexter  creeks  are  of  such  an  extent 
and  thickness  as  to  indicate  that  there  w  as  a  w^ell-developed  drainage 
system,  which,  having  been  disturbed  by  uplift,  has  lost  a  part  of  its 
accumulated  deposits  by  erosion.  There  is  good  reason  to  believe 
that  these  ancient  gravels  may  bo  gold  bearing  in  other  placer-bearing 
parts  of  the  peninsula,  and  they  are  worthy  of  careful  prospecting. 


r 


In  seeking  higli-bondi  deposits  the  prnspt^ctor  should  lye  giiided  by 
the  topt^gra|jhir  LM'idence,  but  rthoiild  rtuiiendwr  that  every  fl!it-tnj>]>eA^ 
Kliuiiidt*r   of   n    ituMiiitaiii   iw   not    necesHunly    iiiiderlairi   by   gravels™ 
The  best  evidence  in  the  prepuce  of  welbruimded  material.     Diti- 
titidion  shrndc]  Ik^  made  l>etwei*ii  plaeers  occiirring  on  hill  slopt*s,  ilit^ 
lUTunndutiou  ut  minor  Htreunjs  btdonging  to  tht^  p^ti^^l^t  dniinagt* 
HyBteni,  tind  thttse  belonging  to  an  old  ilrainage  system*    Thongh  the 
tii'Ht  tyj)u  may  ht*  wny  rich  it  in  less  likely  to  include  extensivii^ 
deixiHita  than  the  second.  ^M 

Mr.  Collier  dei^txibes  elsewhere  (p,  189)  the  influence  of  talus 
slope^^  in  crowding  streams  to  one  side  of  their  valleys,  and  thus 
influencing  the  p<»sition  nf  the  placers*  Thin  Inis  Ik^vu  a  very  iui- . 
jjortHnt  factor  in  the  formation  of  the  plact*:^  on  Anvil  and  Ophii; 
creek?<  (pp.  lH9-ti42)* 

The  rec*ont*eiitration  of  gohl  by  sti*eani  and  Wave  action  i^  consider 
at    length   elN:*where    (p.    IBO),     It  ^  shown  th'^^^  the  dissection  oi^ 
placerjTi  and  the  re-Borting  of  the  gold  have  led  to  the  formation  ol 
nu*ny  of  the  richest  diggings.     These  tlieories  can  1k>  made  of  direc 
comniereial  valne  hy  seeking  the  localities  where  such  eonei'ntnitloj 
ha!^^  taken  place,     Thcf^e  Iricalities  may  Ix*  old  or  present  l)each  lines 
or  streams  that  traverse  the  coastal  plain  or  that  have  din^sected  liigh-1 
bench  gravels*     It  is  important  that  the  prospector  bear  in  mintl  th^ 
facts  in  regard  tn  reconcentratinn  or  he  may  he  misled  in  regard  to 
values.     Thus  the  gold  in  the  stream  traversing  the  tundra  back  of 
Nome  has  been  concentrated  from  the  gravels  underlying  the  tundra 
and  is  not  necessarily  a  measure  of  the  gold  tenor  of  the  parent  placer. 


GEOLOGIC  MAPS. 


All  the  known  facts  regarding  the  geology  of  Seward  Peninsula 
have  been  brought  together  in  graphic  form  on  the  geologic  maps 
(Pis.  X  and  XI,  in  ])ocke().  The  jn-ospector  will  naturally  turn  tirst 
with  interest  to  (he  areas  marked  as  carrying  placer  gold.  These 
areas  are  outlined  from  tlie  best  information  available,  but  final  deter- 
mination of  the  distribution  of  gold  nnist  await  more  detailed  sur- 
veys and  tlu^  accunudatiou  of  mori^  data  by  mining  operators.  The 
facts  luM'e  presented  may,  howt^ver,  ser\e  as  a  general  guide.  Those 
using  the  maps  should  bear  in  mind,  (ir^l,  that  not  all  these  aurifer- 
ous areas  cai'ry  commercial  j)Iacers  and.  siM-ond,  that  placers  may  he 
found  in  areas  not  indicatiMl  as  being  aui'iferous. 

The  l)e(l-r()('k  geology  indicated  on  the  map  has  the  same  value, 
and    (lie   prosptM'tor   in   course   of   his   detailed   examination   will   no 
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of  aid  in  locating  mineralized  zones.  The  distribution  of  the  granite 
masses  is  of  practical  importance,  as  it  is  along  their  contacts  that  lode 
tin  has  been  found. 

THE   FUTURE   OF  THE  MINING  INDUSTRY. 

Those  who  are  devoting  their  labor  or  capital  to  the  development  of 
Seward  Peninsula  have  a  right  to  expect  in  this  report  some  state- 
ment of  the  probable  life  of  the  placer-mining  industry.  Were  the 
entire  gold-producing  area  surveyed  and  studied  in  detail  it  would 
be  difficult  enough  to  form  an  estimate  of  the  gold  contents  of  the 
gravels ;  but  with  only  the  present  general  knowledge  of  the  factors 
necessary  to  such  an  estimate  the  task  may  seem  well-nigh  hopeless. 
For  this  reason  undue  weight  should  not  be  given  to  the  figures  here 
presented,  and  the  reader  should  carefully  consider  the  character  of 
the  evidence  and  make  his  own  deductions  as  to  the  reliability  of  the 
conclusions.  No  doubt  any  presentation  of  the  facts  or  theories  bear- 
ing on  this  subject  will  be  distorted  and  misquoted  by  promoters  of 
worthless  mining  enterprises  for  their  own  use,  but  this  can  not  be 
prevented,  however  guarded  a  geologist  may  be  in  oresenting  his 
conclusions. 

It  is  self-evident  that  if  the  areal  distribution  of  the  placer  gold 
indicated  on  the  map  were  correct  and  the  approximate  thickness  of 
the  alluvium  were  known,  it  would  be  a  mere  matter  of  multiplication 
to  determine  the  cubical  contents  of  the  auriferous  gravels.  Unfor- 
tunately, however,  these  factors  of  the  equation  caji  be  only  approxi- 
mated. The  average  gold  content  of  the  gravels,  forming  the  third 
clement  of  the  problem,  is  also  an  unknown  quantity.  The  following 
estimates  are  based  on  certain  assumptions  and  on  the  best  informa- 
tion available,  but  are  riot  now  susceptible  of  proof.  Mr.  Moffit  lifts 
carefully  measured  the  areas  marked  on  the  maps  (Pis.  X  and  XI; 
also  Bull.  U.  S.  Geol.  Survey  No.  247,  1905,  PL  III)  as  underlain  by 
gold-bearing  gravels.  Allowing  for  the  exaggeration  of  the  areas 
because  of  the  small  scale  of  the  maps,  he  finds  the  total  area  of  aurif- 
erous alluviimi  to  be  about  210  square  miles,  or  650,496,000  square 
yards.  The  pay  streak  is  assumed  to  average  8  feet  in  depth,  which 
is  believed  to  be  a  conservative  estimate.  By  this  calculation  Seward 
Peninsula  is  estimated  to  carry  a  total  of  650,496,000  cubic  yards  of 
gold-bearing  gravels. 

Although  it  is  true  that  the  pay  streaks  thus  far  mined  have  a  very 
high  gold  content,  it  is  equally  certain  that  this  gold  tenor  is  not 
maintained  throughout  the  auriferous  areas,  for  the  gravels  mapped 
as  auriferous  include  considerable  alluvium  that  probably  carries 
little  more  than  colors  of  gold.  A  valuation  of  50  cents  to  the  cubic 
yard  is  therefore  probably  not  too  conservative.  If  these  assumptions 
are  correct  the  gold  contents  of  the  auriferous  gravels  of  the  penin- 
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suln  cnn  \m  vMlried  at  iSv3iSo,24ft,O00.    It  Bhoulii  Ik?  borne  in  mind  thaM 
it  does  not  follow  ihiit  Wwsk^  viiliieK,  if  prei^tit,  will  nc*cL\ssarily  be 
I'ecovered*  for  they  limy  ht  in  pftit  so  disseuiitrnted  or  so  difficult  of 
access  he  not  to  j)ermit  profit £il>lc"  exploittition. 

Another  estimate  by  Mr.  Moffit  h  bused  in  part  oij  the  iminber  of 
linear  mile«  of  gold-l>enring  nt reams.  The  total  as  nieat^iired  on  the 
map^  is  750  miles.  If  the  uvenigi*  width  of  pay  streak  is  assumed  to 
be  15  yards  and  the  depth  ;]  feet,  the  total  bulk  of  the  creek  grave]«i 
would  be  about  20JK)0,0{K)  cubic  yards,  of  which  probably  fUM),000 
cubic  yards  hsive  Ix^en  worked  out.  This  leavoi  n  totjil  for  unwtu  kfd 
creek  gi-avels  of  U^40<),00<J  cubic  yards.  This  computation  takes  into 
account  the  well-defined  pay  streak  and  not  the  areais  of  auriferou^s 
If  ravels,  and  hence  the  gold  tenor  will  Ik*  much  hitjfher  than  that  used 
in  the  pre%'ious  estiunito.  Mr,  Moflit  found  the  uveni^*  gold  contcuti* 
of  the  gravels  of  seventeen  sti'eamB,  on  data  given  in  t^his  report  by 
Mr.  Collier  and  Mr*  Iless  antl  hasetl  on  statements  hy  owners  and 
oj*eralors,  to  be  $r>.l);i  per  eiibie  yard.  He  obtained  a  gold  content  of 
^r^S^S  per  yard  by  diT^n<Hng  the  total  gold  production  from  the  crwk^ 
Ijy  the  mnnlx^r  i>f  cubic  yards  of  pay  streak  estimated  to  have  been 
mined*  The  practical  identity  of  gold  tenor  of  pay  streaks  in  tliest* 
two  cJilcuIationH  is  suggestive,  though  it  may  lie  purely  fortnitous. 
In  view  of  the  fact  that,  Home  of  the  riche.st  crwk  gravels  have  Ix^eii 
mined  out,  it  is  not  safe  to  accept  the  above  gold  tenor  as  representa- 
tive of  all  the  creeks  of  the  district.  It  is  probable,  Innvever.  that  a 
■Vfoot  pay  strenk  may  avtu^sige  ^2,50  a  ruhir  yard  ulnng  the  water' 
courses.  Witli  this  assumption  the  gold  contents  of  the  creek  gravels 
would  in  round  numl)ers  amount  to  $50,000,000. 

In  addition  to  the  stream  ])lacers  above  considered,  there  are  also 
tne  auriferous  deposits  in  the  gravel  plains,  of  which  that  of  the  Nome 
tundra  is  the  most  extensive,  and  in  the  high-bench  deposits.  The 
gravel  plain  stretching  inland  from  the  coast  at  Xome,  usually  called 
tile  tundi'a,  is  the  rich(»st  of  tliis  class  of  (le})osits  thus  far  j)rospected, 
but  similar  deposits,  some  of  wliich  are  known  to  be  auriferous,  occur 
in  other  parts  of  the  ])eninsula.  It  will  remain  for  the  future  to  de- 
tei-mine  wliat  percentage  of  this  type  of  |)lacers  can  l)e  profitably 
exploited,  but  in  tlu^  ()|)ini()n  of  the  writer  it  constitutes  the  largest 
gold  res(»rve  of  the  j)en insula.  In  estimating  the  gold  contents  of 
the  gi"avel-plain  j)lac(Ms  values  of  2^)  to  50  cents  ])er  cubic  yard  of 
j)ay  streak  have  been  a(lo])te(]  ;is  being  conser\ative.  As  in  previous 
calculations  the  ]iay  streak  lias  been  assumed  to  be  I]  feet  thick.  The 
j)ay  sti'eaks  of  the  coastal-plain  gravels,  known  to  contain  considerable 
gold,  have  l)een  assumed  to  carry  50  c(Mits  and  tlie  others  25  cents  to 
the  cubic  yard.    Many  persons  will  doubtless  take  exception  to  these 
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valuations  per  yard,  because  they  are  familiar  with  some  of  the  ex- 
traordinarily rich  deposits  which  have  been  mined.     These  higher 
values  are  compensated  for  by  the  fact  that  much  gravel  is  probably 
included  in  the  above  measurements  of  the  gold-bearing  areas  whose 
tenor  is  far  below  50  cents.    The  placers  of  the  high-bench  gravels,  so 
far  found  only  near  Anvil  Creek,  are  almost  an  unknown  quantity 
and  their  gold  contents  have  been  put  in  as  a  lump  sum  in  the  follow- 
ing estimate.    By  these  estimates  the  total  values  of  the  gravel-plain 
(tundra)  and  of  the  high-bench  placers  are  found  to  be  $215,000,000. 
This  sum  added  to  the  value  of  creek  placers  gives  a  total  reserve  of 
$265,000,000,  as  compared  with  $325,000,000  in  the  previous  calcula- 
tion.    The  difference  lies  in  the  fact  that  in  the  second  calculation 
the  stream  gravels  lying  outside  of  the  15-yard  pay  streak  are  not 
considered  as  gold-bearing. 

Of  the  750  linear  miles  of  gold-bearing  creeks,  only  172  miles  rep- 
resent creeks  which  have  produced  gold  in  commercial  quantities, 
but  it  must  be  remembered  that  many  have  not  been  carefully  pros- 
pected and  that  there  are  probably  other  creeks  not  so  marked  on  the 
accompanying  map  which  will  be  found  to  carry  gold.  Mr.  Moffit's 
computations  indicate  that  those  parts  of  the  creeks  which  have  been 
worked  out  carried  values  averaging  probably  $500,000  to  the  mile. 
Some  of  the  richest  creeks  have  yielded  more  than  double  this  amount, 
but  the  yield  of  others  is  very  much  below  it.  These  values  are  low 
compared,  with  those  in  the  Klondike,  where,  according  to  an  estimate 
by  McConnell,"  50  miles  of  paying  portions  of  creek  carry  gold  aggre- 
gating $95,000,000,  or  $1,900,000  to  the  mile.  According  to  Ham- 
mond,^ some  of  the  ancient  river  channels  of  California  have  yielded 
$2,000,000  to  $3,000,000  per  mile.  The  deep  leads  in  Victoria, 
Australia,  have  yielded  nearly  $2,000,000  worth  of  gold  to  the  mile.'' 
Optimistic  mine  operators  will  undoubtedly  regard  the  totals  here 
presented  as  entirely  too  low,  whereas  those  who  have  lost  money  in 
ill-advised  mining  ventures  in  Seward  Peninsula  must  naturally 
evince  skepticism  toward  the  estimate  of  so  large  a  gold  reserve. 
On  the  one  hand  it  is  evident  that  it  would  not  take  many  creeks 
as  rich  as  Anvil,  Dexter,  and  Ophir,  to  change  this  estimate  entirely, 
but  on  the  other  hand  the  estimate  is  based  on  the  assumption  that 
gravels  of  much  lower  grade  will  be  mined  in  the  future  than  at 
present.     The  total  is  small  compared  with  the  output  of  the  Cali- 

«  McConnell,  R.  O., . Preliminary  report  on  the  Klondike  gold  fields:  Geol.  Survey  of 
Canada,  Ottawa,  1900,  p.  18. 

*  Hammond,  J.  H.,  The  auriferous  gravels  of  rallfornia  ;  geology  of  their  occurrence 
and  methods  of  their  exploitation  :  Ninth  Ann.  Rcpt.  California  State  Mineralogist,  year 
ending  December.  1880,  1890,  p.  114. 

*•  rJndgren,  Waldemar,  The  deep  leads  of  Victoria  :  Kng.  and  Min.  Jour.,  vol.  70,  1905, 
p.  315. 
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foriiin  plawn^  :^incc  lB4fl,  which  jimomita  to  about  $l,t42,W*0,nO(V  hhJ 
nnic'li  Ifirgpr  than  tht>  estimated  original  total  gold  ciHitent  of  the 
Klondike*  (list riot,  plnced  by  McConnelP^  at  $200,0(X1,aoa  In  iU 
Klondike  district  the  number  of  miles  of  creeks  tearing  placer  gold 
is  fsliniiitDd  to  bv  Imt  50,  wheroas  there  are  750  on  Seward  Peninsuhu 
Mon^oviT,  nil  pjirtrt  of  the  Klondike  are  much  nnire  accessible  tlma 
much  of  Seward  Peninsula,  and  eonfiequcutly  have  been  more  thor*« 
onghly  pro!^ peeled.  For  this  reanon  it  is  not  to  he  anticipated  that 
many  important  discover iew  will  be  nuide  in  future  in  tJie  Klondike, 
but  the  results  of  each  year's  prosjax^ting  in  Seward  Peniii^iula  prove 
that  the  limit  of  new  fields  there?  has  not  Iwen  reached,  The  cost  of 
luiuing  in  Seward  Peniusula  in  as  a  rule  less  than  in  the  Klondikej  , 
making  it  possible  to  exploit  gi-avels  carrying  lower  valuer  H 

All  the  above  facts  l>eing  taken  into  consideration,  it  is  believed 
that  an  estimate  of  $250,000,000  to  $325,000,000  for  the  placer^gold  _ 
re^serves  of  Seward  Peninsula  is  conservative.     Although  these  speeu* 
1  at  ions  may  be  of  interest  in  showiug  the  possibilities  and  probahkj 
<lireetion  of  future  growth,  the  actual  estimate  of  the  gold  rev^iervfl 
niUHt  l>e  regarded  as  little  more  titan  a  bold  guess. 

The  futni'e  of  lode  mining  is  impossible  to  predict     Some  fautsl 
fuive  been  presimted  indicating  the  favorable  conditions  for  the  occitr-J 
rence  of  ore  bodi&s  but  until  more  of  these  bodies  have  actually  IjeenJ 
(lisfovered  and  found  to  carrv^  commercial  valua*?  no  definite  state 
nients  should  be  made. 

The  data  bearing  on  the  placer-gold  reserves  having  been  discussed, 
it  l)ec()nies  iHM'tinent  to  in(|uire  at  wliat  annual  rate  these  reserves 
may  be  mined  out.  Here  again  the  dearth  of  exact  information 
makes  it  imi)ossible  to  ai'rive  at  definite  conclusions,  but  those  here 
j)r('seiite(l  may  be  at  least  suggesti^■(^  Even  were  the  amount  of 
water  a\ailal)le  foi*  jdaeer  mining  known,  tliere  would  still  remain  a 
large  indi^terniinable  factor,  for  the  mechanical  methods  of  mininii: 
ai'e  relatively  little  developed  in  this  district  and  admit  of  nuieh 
(\\j)ansion.  Moreover,  with  the  gradual  decrease  in  cost  of  trans- 
|)ortation  and  the  concomitant  reduction  in  cost  of  fuel,  machinerv 
(lri\('n  by  j^etrolenni  or  coal-consuming  (Migines  will  undoubtedly  l)e 
more  connnonly  inti'oduced  to  e.\])loit  gi'avels  that  lie  inconveniently 
for  economic  handling  by  the  nse  of  water  under  head.  The  dredges 
now  ".\tensi\('ly  used  in  the  Solomon  liivei*  i"egioii  (PI.  IV,  p.  \ll\2) 
are  examples  of  the  develoj^ment  of  this  method  of  mining. 
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It  is  probable  that  not  more  than  60,000  or  80,000  miner's  inches  of 
water  may  eventually  be  made  available  for  hydraulic  mining  in 
Seward  Peninsula,  but  this  estimate  is  again  little  more  than  a  guess. 
Purington**  has  shown  that  because  of  the  low  stream  gradients  and 
for  other  reasons  the  duty  of  an  inch  is  very  low  in  Seward  Penin- 
r.ula.  The  average  of  his  table  is  2.76  cubic  yards  per  twenty-four 
hours,  equal  to  about  300  for  a  season.  According  to  these  figures, 
16,000,000  to  20,000,000  cubic  yards  of  material  could  be  moved  in  a 
season,  but  certainly  not  more  than  5,000,000  to  8,000,000  cubic  yards 
would  be  pay  streak.  If  double  this  amount  of  gravel  were  exca- 
vated by  mechanical  means,  the  total  maximum  volume  of  pay  streak 
which  could  be  exploited  in  a  single  season  would  be  15,000,000  to 
24,000,000  cubic  yards.  If  there  are  650,000,000  cubic  yards  of  gold- 
bearing  gravels  in  the  peninsula  they  could  not  be  mined  at  this  rate 
in  less  than  twenty-five  to  forty  years.  As  a  matter  of  fact,  however, 
this  maximum  volume  could  be  reached  only  after  years  of  prepara- 
tion and  may  never  be  attained.  This  is  emphasized  by  the  fact  that 
during  the  last  six  years  the  average  amount  of  pay  gravels  handled 
has  probably  been  less  than  1,000,000  cubic  yards  annually. 

These  speculation^  as  to  the  life  of  the  placers  of  Seward  Peninsula 
are  too  indefinite  to  have  much  value,  but  they  suggest,  at  least,  that 
the  gold  production  will  probably  increase  rather  slowly  and  that  the 
outlook  is  favorable  for  a  long  period  of  rather  uniform  output. 

•  Purlngton,  C.  W.,  Methods  and  costs  of  placer  mining  in  Alaslca  :  Bull.  X.T.  S.  Geol. 
Survey  No.  263,  1905,  pp.  138-141. 


I^riRODUCTIOK, 

It  ha^  l)een  sliown  that  the  vnhw  of  the  annual  gold  production  of 
Stnvarcl  Peninsula  is  now  (190G)  about  $7,500,000  and  that  the  total 
inrliulin^  H)Or>,  is  nearly  $40,00(3,000.  This  has  practirally  all  Ix^f^ii 
fieri  v^nl  from  the  placers,  though  a  small  amount  has  Ix^n  obtainpil 
from  auriferous  quartz  veins.  All  of  the  placer  gold  carries  some 
silver,  the  present  annual  production  of  vvhieli  is  valued  at  about 
$25,000.  Of  other  minerid  ^vealth  tin  is  the  only  metal  of  immediato 
intei*e8t»  Some  placer  tin  has  been  ex  port  ed^  and  the  development  of  | 
Ijntli  lode  and  placer  deposits  is  lx*ing  actively  pushed,  but  up  to  the 
present  the  tin  deposits  can  not  bo  said  to  have  reached  a  productive^ 
stuire*  There  are  a  few  small  areas  *  of  eoal-lx^aring  rocks  on  the* 
peninsula,  but  in  only  one  of  these  has  a  workable  seam  been  found, 
and  this  ai)pears  to  be  of  value  only  for  the  very  local  demaiul/' 
Besides  tlie  above  minerals,  nrraphite  and  bisnnith  deserve  mention, 
thou^li  tlu'ir  eonnnercial  value  in  this  field  remains  to  be  proved. 

A  nvneral  account  of  the  ])lacers  will  next  be  presented,  followed 
1)V  a  detailed  (les('ri])tion  of  the  <j:()ld  deposits  of  the  Nome,  Solomon. 
Council,  Port  Clarene(\  and  (Joodhojx'  disti'icts.  lu  later  sections  of 
the  report  an  account  of  the  [^)hitl'  and  Koupirok  re<rions  will  bo 
presented  by  Mr.  Brooks,  and  of  Iron  Creek  by  Mr.  Smith. 


DISTRIBT  TTOX    OF    (iOT.l). 


On  the  ^eolo^ic  niai)s  (Pis.  X  and  XI,  in  pocket)  is  indicated 
(he  distribution  of  the  unconsolidatcMl  silts,  sands,  and  o-ravels,  under 
the  general  <j:roui)  name  Quaternary.  These  deposits  have  already 
l)een  discussed  at  souie  len^rth  in  the  section  de^•()ted  to  the  geoloiiy 
of  the  ])eninsula   (i)p.  8o-i)l)).     As  these  Quaternary  l)e(ls  carry  the 


"Sec  pp.  s::  S.")  of  tins  ro!)()rt  :  nlso  Moii'lcriliall.  W.  ('..  KccoiinaissMnces  iu  the  Cape 
Nome  and  Norton  Uay  regions.  Alaska,  in  IDoo,  a  sjxmIiiI  juiMii  at  i«.ii  of  the  V.  S.  Geol. 
if^iirvt'.v.   I'Hi],  p.  Jl4. 
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lluvial  gold  their  distribution  is  of  first  importance.  It  would 
equire  far  more  detailed  mapping  than  has  yet  been  done  to  deter- 
line,  with  any  exactness,  the  distribution  of  the  auriferous  gravels. 
)n  the  map  these  facts  are  indicated  so  far  as  the  data  at  hand  will 
How.  The  auriferous  alluvium  is  divided  into  two  classes — first, 
hat  from  which  gold  has  been  recovered  in  commercial  quantities, 
nd,  second,  that  which  is  known  to  be  auriferous,  but  in  which 
b  has  not  been  proved  that  workable  placers  exist. 

It  is  evident  that  this  division  is  arbitrary.  From  a  scientific 
tandpoint  all  the  alluvium  of  the  peninsula  is  probably  auriferous. 
f  the  tests  were  made  with  sufficient  minuteness,  traces  of  gold 
rould  probably  be  found  in  practically  all  the  unconsolidated  depos- 
ts.  If  this  were  a  province  of  cheap  mining,  like  California,  the 
luriferous  gravels  of  commercial  importance  would  cover  much 
arger  areas  than  those  indicated  on  the  maps.  Moreover,  gravel 
vith  a  low  gold  tenor,  which  may  be  absolutely,  worthless  under  the 
>resent  costs  of  extraction,  may  in  the  future  prove  of  value. 

These  facts  are  well  illustrated  by  the  reductions  in  mining  costs 
hat  have  taken  place  during  the  last  six  years.  In  the  first  years  of 
nining  in  the  peninsula  but  few  pay  streaks  exceeding  5  feet  in 
iepth  could  be  profitably  exploited,  whereas  profitable  mining  has 
low  been  carried  to  depths  exceeding  200  feet.  I{  is  probable  that 
it  that  time  gravels  whose  tenor  was  less  than  $10  to  the  cubic  yard 
x)uld  not  be  worked  at  a  profit,  but  at  present,  under  certain  f avor- 
ible  conditions,  the  cost  of  mining  has  been  reduced  to  less  than  50 
jents  a  cubic  yard.  The  boundaries  of  the  gold-bearing  areas,  there- 
Fore,  are  not  only  more  or  less  arbitrary,  but  also  only  in  part  deter- 
mined. Yet  it  seems  justifiable  to  indicate  on  the  map  the  areas  that 
^ive  most  promise  of  yielding  returns  to  the  placer  miner.  There 
ire  no  doubt  placers  in  some  of  the  Quaternary  deposits  that  have 
lot  yet  been  tested,  and  it  is  equally  true  that  the  areas  indicated  as 
^Id  bearing  do  not  by  any  means  everywhere  carry  workable 
placers.  It  is  believed  that  if  these  facts  are  borne  in  mind  the  maps 
may  serve  as  useful  guides  in  directing  intelligent  prospecting.  It 
LS  unfortunately  true  that  they  will  probably  also  be  used  by  unscru- 
pulous promoters  for  foisting  on  the  public  worthless  mining  stocks, 
but  this  can  not  be  avoided. 

It  has  already  been  pointed  out  that  the  gold  is  derived  from  quartz 
veins  and  impregnated  zones  in  the  metamorphic  rocks,  which  have 
been  grouped  together  under  the  name  Nome  group.  The  distribu- 
tion of  loci  of  N  mineralization  has  been  considered  by  Mr.  Brooks  in 
the  preceding  pages  and  need  not  here  be  dwelt  on.  Many  facts  bear- 
ing on  the  source  of  the  gold  are  presented  in  the  detailed  accounts  of 
the  different  districts. 
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Cr^HSlTIOATTOX  OF  THE  PXulCEItS. 
INTRODUCTION. 

All  iho  productive  gold  placers  liert^  to  he  oonsidefod  ot'ciir  in  the 
^ravcds  of  alluvial  origin  and  are  deposits??  concentrated  from  the  beJ 
rtjok  by  Htivani  or  wave  action.  Elsewhere  in  this  report  is  given 
a  discussion  of  the  underlying  principles  which  govern  ihe  occurrence 
of  I  he  alluvial  ^old,  and  with  it  is  discusised  a  sehenie  of  chii^sificiition 
Inisi^d  on  gtniesis.  For  the  purpose^s  of  the  present  de?:.nptiou  the 
wrilers  will  hold  to  a  topogi'aphic  grouping  of  the  viarious  tyjH^* 
widcli  is  almost  identical  with  the  classification  of  placeri,  recently 
p  u  hi  i  sh  ed  by  P  u  r  i  ngt  on .  *"    Thi  s  group  is  as  f  ol  lows: 

CitiHitifiviitifjn  fit  fA<irrr»  in  He  word  I'min^uld, 
Cn^ek  iilacere:  GruvH  (Iciiiiwit*^  hj  tlie  lieil^  ami  JutermcMlUite  iim>cl  plains  tif 

SHI  mill  jitnNtruH. 
BeiiHj  n!m'ei*H  \  tinivel    i3fj*oBlt«   !ii   ancient  stream  ehfiuaelii   nml  flood   |ilnitis 

wliletj  statifl  friim  r*0  tij  Severn  I  liinidre<i  feet  alycn^e  tbp  present  Htrentm*. 
IIUIhUIo  plac^erH :  A   iJ:roi]|i  of  i^mvel   (iej>os*jts  in  termed  Intp   betwevns    the  err*ftk 

and  benclj  pla^^en?-     Tlielr  bed  riH*k  is  siightlj  nlMive  ttio  creek  lied  and 

the  Rurfat.'e  top*  iJiSrajitiy  slirnvs  no  ijjdieation  of  IreucUlng. 
River-bar  pljii^ers;  I'laLvrs  c*n  je^rurel  Hats  in  or  adjacent  to  tiie  liedw  of  la 

Kt  reams. 
Gravel'plidn  plaeersii :  Flncf^rs  found  in  tiie  gravois  of  the  coastal  or  other  loi^i 

land  plains, 
Hea-besicli  pl^i-'efH:  riocers  reconceut rated  fn^m  tlie  <'oaatal-i>lain  grjivelw  Uj 

n'ares  nlonj?  tlio  st»asbi>re, 
Ancienl    boacli  i)laf-erH :  Deposits  fonnd   on   the  coastal   plain   along   a    line  of 

clovated  ])eaclies. 

Those  types  of  ])lacers  in  occurrence  and  origin  have  close  affinities 
with  tlie  present  topographic  forms  with  which  they  are  associated, 
(ieiietically  they  fall  into  five  groups.  One  embraces  those  which  are 
found  ill  the  present  stream  channels,  such  as  the  creek,  river-bar. 
and  in  part  the  liillsid(»  placers.  Tn  a  second  group  fall  the  gravel- 
l)hrni  jdacers.  also  of  lluvial  origin,  but  laid  down  by  streams  that 
have  ^ince  shifted  thinr  channcds.  The  bench  ]:)lacers  form  a  third 
group,  \\hicli  includes  most  of  the  hillside  placers  as  well,  and  these 
werc^  foi'  the  most  part  stream  deposits  that  have  been  elevated  and 
dissected.  The  j)reseiit  sea-beach  i>lac(4-s  constitute  the  fourth  subdi- 
vision, and  th(^  ele^'ated  sea  l)eaches  the  fifth. 

All  these  land  forms  are  the  result  of  extensive  periods  of  denuda- 
tion tlii'ougli  which  tli(*  peninsula  has  |)assed.  This  region  has  i)roba- 
bly  been  exposes]  to  subacu'ial  erosion  since  late  Tertiary  time,  and  in 
this  long  interval  there  have  been  many  upward  and  dcMvnward 
movements  of  the  land  masses  relative  to  sea  level.  These  movements 
have  been  irregular  and  broken  bv  long  intervals  of  stal)ilitv  durinir 
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l)een  equally  subjected  to  these  influences,  for  the  movements  have 
been  differential,  so  that  while  one  part  was  elevated  above  sea  level 
other  parts  were  flooded.  In  other  areas  the  land  surface  has  been 
warped.**  This  irregularity  of  uplift  may  make  a  coastal  plain  in 
one  part  of  the  region  of  identical  age  with  a  high  bench  in  another 
part.  The  possible  economic  importance  of  this  fact  will  be  readily 
recognized. 

A  logical  discussion  of  the  various  types  of  placers  demands  that 
the  oldest  be  taken  up  first,  and  this  class  comprises  the  high-bench 
deposits  which  formed  before  the  development  of  the  present  topog- 
raphy. Next  in  order  of  genesis  are  the  benches  on  the  slopes  of  the 
present  valleys;  then  the  gravel-plain  placers,  together  with  the  ele- 
vated beaches,  and  finally  the  placers  in  the  beds  of  the  existing 
watercourses  as  well  as  those  of  the  present  shore  line. 

BENCH  PLACERS. 

Bench  placers  may  be  classified  as  low  gravel  terraces,  spur 
benches,  pocket  benches,  and  high  benches,  according  to  their  topo- 
graphic relations  to  the  existing  streams.  The  gravel  terraces 
are  wide,  flat  gravel  benches  whose  surface  is  considerably  above 
the  high-water  level  of  the  stream  but  whose  bed-rock  floor  is  only 
slightly,  if  at  all,  higher,  than  the  stream  bed.  Spur  benches  differ 
from  the  terraces  in  that  the  stream  bed  is  intrenched  in  the  bed 
rock  below  the  gravel  deposit ;  and  where,  as  is  usually  the  case,  the 
stream  meandered  over  the  valley  floor  at  the  old  level  these  mean- 
ders have  been  cut  down  into  the  bed  rock,  leaving  the  spaces  be- 
tween meanders  projecting  from  the  valley  walls  as  flat-topped 
spurs.  The  pocket  benches  are  mere  remnants  of  old  channels  which 
usually  hang  high  on  the  valley  walls.  They  can  not  as  a  rule  be 
traced  in  any  definite  system,  for  on  many  streams  only  one  or  two 
small  deposits  of  this  kind  are  discovered.  The  high-bench  placers 
belong  to  stream  channels  of  older  drainage  systems,  since  the  de- 
velopment of  which  elevation  has  taken  place.  The  deposits  of  these 
ancient  watercourses  are,  as  a  rule,  only  in  part  preserved,  having 
been  for  the  most  part  removed  by  erosion.  Rich  placers  of  this  type 
have  thus  far  been  discovered  in  only  a  few  localities,  but  it  is  to  be 
expected  that  others  will  be  found. 

HILLSIDE  PLACERS. 

The  hillside  placers  constitute  rather  an  indefinite  subdivision  of 
the  bench  type.     They  are  in  general  not  indicated  by  the  surface 

-  •  The  physiographic  history  of  the  peninsula  has  been  only  in  part  deciphered.  Some 
account  of  It  will  be  found  in  Reconnaissances  in  the  Cape  Nome  and  Norton  Bay  regions, 
Alaska,  in  1900,  a  special  publication  of  the  U.  S.  Geol.  Survey,  1001,  pp.  48-64 ;  Recon- 
naissance of  the  northwestern  portion  of  Seward  Peninsula,  Alaska  :  I*rof.  Paper  T'.  S. 
Geol.  Survey  No.  2,  1902,  pp.  34-43 ;  and  The  Falrhaven  gold  placers,  Seward  Peninsula, 
Alaska :  Bull.  U.  a  Geol.  Survey  No.  247,  1905,  pp.  42-47. 
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lupograpliyi  nor  do  they  vQsi  upon  definitely  flattL^ned  surfacef^  of  l*ed 
rorL  Many  of  them  may  tjt^  account od  for  by  cropping  Tnovenieuls 
of  fhi?  i^nl  and  decomposed  }>ed  rock,  which  have  destroyed  higher 
ht*n(*hes  and  di!itribiit£*d  their  auriferous  gravels  ovt-r  the  hillside; 
below,  or  by  the  gradual  sidewisc^  shifting  and  coiocident  downward 
cutting  of  the  stream,  leaving  its  gold-!x*aring  gravels  hehind  as  it 
moved.  Hillside  placern,  therefore,  are  likely  to  f>ccur  on  the  slopes 
of  any  valley  which  has  benches  on  its  walls. 


GRAVEL-PLAIN  PLACERS. 


d 


Most  of  the  grave! -plain  placers  that  Inivc  Iteeri  weirked  in  Seward 
Peninsula  lie  in  the  coastal  plain  that  intervenes  Ijetween  Nome  and 
thi.^  ft^othills,  and  they  aiMi*  usuall3'  referred  to  as  the  ^*  tundra  placers" 
or  '"tundra  mines,'-  Similar  (Jeposit^  have  l>een  discovered  in  the 
gi*avels  of  tlie  Kougarok  basin.  As  has  been  noted,  the  gravels  of 
the  coastal  plain  were  de])osited  during  a  period  of  sulimergenee  aftei' 
the  Iw^d-rock  Hoov  had  been  formed  and  were  contributed  niaiiily  as 
deltas  by  the  rivers  and  streams  from  the  liigliland  portions  of  the 
peninsula.  As  the  gravels,  except  thot^e  close  to  the  hills,  w-ere  kid_. 
down  mainly  by  the  larger  streams,  their  placers  may  l>e  expected  tofl 
Vjc  of  the  nature  of  river-bar  deposits.  The  gold  as  a  rule  is  finer  ™ 
than  that  of  the  creek  and  Ix^nch  placers,  and  where  concentrated  it 
is  in  irregidiu"  pay  streaks,  due  to  variations  in  river  and  stream  car-  ^ 
rents.  The  bed-rock  floor  upon  w^hich  these  gravels  rest  w^as  prob- 
ably })r()duced  by  subaerial  erosion,  or,  in  other  words,  l)v  streams 
which  had  their  sources  in  the  u])]and.  It  is  (piite  possible,  therefore, 
that  (here  may  be  old  stream  channels,  as  rich  in  coarse  gold  as  the 
stream  and  bench  i)lacers,  beneath  the  deep  covering  of  gravel  and 
silt.  Most  of  the  gold  that  has  been  won  from  the  so-called  **  tundra  " 
has  been  obtained  from  the  beds  of  streams  which  flow  across  it.  but 
some  has  come  from  conccMitration  on  layers  of  clay.  The  placers  of 
these  intrenched  streams  dlH'er  from  ordinary  creek  placer.-  in  the  fact 
tiiat  their  gold  has  been  reconcentrated  from  the  coastal-plain  gravels. 

CREEK  PLACERS. 

The  creek  placers,  from  which,  u})  to  the  ])re>eiit  time,  most  of  the 
gold  has  been  taken,  constitute  the  best -known  type  of  deposits. 
Brooks"  has  described  this  form  of  })lac<M'  as  follows: 

The  pay  streak  in  th(*sc  deposits  is  usnany  on  hed  rock,  thoiic:li  it  sonietinicR 
is  found  on  a  clay  which  overlies  the  bed  rock.  Where  no  clay  is  invsent  the 
j^old  is  found  not  only  on  the  hed  rock,  but  nlso  where  the  rock  is  broken  the 
j^'old  has  worked  its  way  down  into  the  joints  and  crevices.     Streams  are  oftea 
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found  to  have  a  layer  of  clay  on  bed  rock,  which  gradually  thins  out  upstream 
and  finally  disappears  entirely.  The  presence  of  the  clay  on  bed  rock  usually 
indicates  that  no  gold  will  be  found  in  the  weathered  rock  below,  as  the  im- 
pervious layers  prevent  the  gold  from  working  its  way  down.  On  most  of  the 
creeks  the  gravel  overlying  the  pay  streak  is  shallow,  and  the  creek  placers 
usually  afford  what  are  known  as  "  open  "  or  **  summer  "  diggings.  Very  little 
stripping  is  necessary,  as  a  rule,  after  a  foot  or  two  of  moss  and  muck  have 
been  removed.  It  is  common  to  find  the  gravel  containing  sufficient  gold 
from  the  surface  down  to  warrant  sluicing  it  all.  The  horizontal  extension  of 
the  pay  streak  differs  very  much,  and  no  general  law  in  reference  to  it  can  be 
formulated.  Sometimes  it  forms  a  narrow  but  uninterrupted  layer,  running 
parallel  to  the  side  of  the  valley,  but  more  often  the  pay  streaks  are  not  con- 
tinuous and  are  of  irregular  outline.  They  very  freiiuently  suggest  the  wind- 
ings of  old  stream  channels.  The  coarsest  gold  of  the  region  is  found  in  the 
creek  and  gulch  placers,  it  being  there  nearest  to  its  source  in  the  parent  rock. 

RIVER-BAR  PLACERS. 

The  river-bar  placers  are  similar  in  general  origin  to  the  creek 
placers,  the  main  points  of  difference  being  that  the  former  are  de- 
I>osited  by  larger  streams,  and  that  the  gold  contained  in  them  con- 
sists mainly  of  fine  flake  or  flour  gold,  which  can  be  transported  by 
running  water.  The  gold  of  these  placers  is  usually  distributed 
through  the  gravel,  though  it  may  be  richer  next  to  the  bed  rock. 
River-bar  placers  occur  on  many  of  the  larger  streams  of  the  penin- 
sula, but  they  are  of  low  grade  as  compared  with  creek  and  bench 
deposits,  and  have  not  yet  been  notably  productive. 

BEACH   PLACERS. 

The  beach  placers  are  confined  to  the  narrow  strip  of  ground  along 
the  coast  which  is  affected  by  the  sea  waves.  As  has  been  noted,  the 
coastal  plain  is  for  the  most  part  bounded  on  its  seaward  side  by  an 
escarpment  from  10  to  2Q  feet  high,  which  marks  the  inland  edge  of 
the  beach.  The  waves  are  continually  encroaching  on  the  coastal 
plain,  cutting  back  this  escarpment  and  concentrating  the  gold  from 
its  face  in  the  beach  sands.  Every  year  the  streams  probably  bring 
down  a  small  amount  of  fine  gold,  which  is  also  caught  up  by  the 
waves  and  added  to  the  beach  placer.  Thi^  action  has  been  continu- 
ous for  the  long  period  of  time  that  has  elapsed  since  any  movement 
of  land  has  taken  place  relative  to  the  sea.  The  amount  of  gravel, 
therefore,  thus  affected  must  have  been  very  great,  but  as  the  concen- 
tration occurs  only  in  the  strip  subjected  to  wave  action  the  resulting 
placer  is  confined  within  the  same  limits.  Some  fine  gold  is  also 
found  in  the  gently  sloping  floor  of  the  sea,  but  since  this  is  probably 
derived  from  the  beach,  it  is  more  disseminated  and  finer  than  beach 
gold,  and  can  not  at  present  be  regarded  as  forming  a  workable 
placer. 

15604— Bull.  328—08 10 
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KUMK   miECINCT. 


INTRODUCTION. 

All  urea  of  tihout  2,000  squtirG  niilDs,  eiiil>raeing  the  extreme  soiith- 
WL^stiTiJ  purt  of  Seward  PtMiinsuhi,  forms  n  recording  district  uu- 
der  Uitf  name  "  Nome  precinct.'-     (See  fig.  2,  p.  42,)     Its  northern 
iKiiniihiry  is  n  simious  line  .stretching  eastward  fi\>m  Capt  Douglas 
muj  foUowiug  the  watershed  between  Poil  Clarence  on  the  north  and 
Bering  Sea  on  the  south.    This  boundary  maintains  a  generally  ea^t-^ 
ei'ly  diivction  as  far  as  the  highlands  east  of  Bluff,  throwing  all  the^ 
sou tliward'flo wing  stR>anis  of  this  part  of  the  peninsula  into  tlie  Nome 
|)nH;inct,    Up  to  the  present  time  this  has  been  the  most  pruduetive 
nnning  district  of  the  peninsula^  and  to  it  must  be  crcditeid  at  lt>ast 
f<^ijr-tiftlis  id  the  gold  productioru    Its  accessibility,  lying  as  it  dtH*s 
close  to  tide  water,  has  led  to  the  more  rapid  development  of  ita^ 
phuH^rs  tlinn  luis  occurred  in  the  inon*  isolated  camps, 

Thret^  topographic  provinces  (Ph  VIII,  in  [>oeket)  may  be  recog- 
nizer! in  this  region — -the  mono  tains,  the  upland,  and  the  coastal 
plain.  The  first  embraces  the  Kighmik  Mountains,  which  stretch 
as  a  rugged  mass  aloug  the  northern  boundary  of  the  precinct,  form- 
ing  a  part  of  the  rangt*  which  begins  near  Cape  vVoolIey  on  the  west 
and  ends  at  Cape  Darby  on  the  southeast*  These  mountains  are 
piimacled  and  are  broken  by  steep- walled  gorges  which  head  in  ani- 
j>b  it  heaters.  On  the  south  the  mountains  fall  off  abruptly  to  an  up- 
land 2,500  feet  in  height,  wdiich  stretches  tow^ard  the  coast  with  con- 
stantly decreasing  altitude,  its  summits  near  the  sea  being  less  than  a 
thousand  feet  high.  At  three  points  along  the  coast  the  base  of  the 
upland  is  washed  by  tide  water,  namely,  east  of  Sinuk  River,  at 
Cape  Nome,  and  at  Topkok  Head,  but  in  the  main  broad  coastal 
j)lains  of  crescent ic  outline  intervene  between  Bering  Sea  and  the 
highlands.  These  plains  are  in  places  gently  rolling,  are  broken  by 
numerous  benches,  and  form  the  typical  tundras  of  the  North.  One 
plain  stretches  southeastward  from  the  northern  boundary  of  the 
precinct  and  inchules  the  delta  of  the  Sinuk.  Another  extends  along 
the  coast  from  Crip])le  River  to  Ca])e  Nome,  and  a  third  from  Cape 
Nome  to  T()])kok  Head.  These  coastal  ])Iains,  as  has  been  shown, 
are  buiH  u])  of  gravels,  sands,  and  silts,  some  of  which  are  auriferous 
and  near  Nome,  at  hnist,  form  imi)()rtaMt  placers. 

The  inland  margin  of  the  lowlands  rises  in  many  places  by  a 
series  of  benches  to  the  uplands,  on  whose  seaward  flanks  washed 
gravels  have  been  found  up  to  altitudes  of  500  feet.  These  high 
gravel  de])osits,  which  are  found  tilling  Hat  divides,  obviously  uuirk 
former  sta<T:es  of  erosion.     Less  evident   is  tlie  inter])retati()n  of  the 
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epoch  of  former  base-leveling,  or  partial  base- leveling,  can  not  be 
doubted,  but  the  detailed  physiographic  history  of  this  region  has 
not  yet  been  worked  out. 

Most  of  the  streams  take  a  southerly  course  to  the  sea.  Their 
valleys  are  broad  and  gravel  floored,  and  have  gentle  slopes  up  to 
an  altitude  of  600  feet,  above  which  stepper  grades  carry  them  to  the 
upland  level.  The  smaller  tributaries  are  of  the  same  general  topo- 
graphic type,  though  the  grades  are  usually  steeper. 

GEOLOGY. 

The  bed  rocks  of  this  region  fall  into  two  classes — the  Kigluaik 
group  and  the  undifferentiated  schists  and  Port  Clarence  limestone 
of  the  Nome  group.  The  closely  folded  gneisses,  schists,  and  lime- 
stone of  the  Kigluaik  group  form  a  broad  east-west  belt  whose 
geographic  distribution  is  coincident  with  the  outline  of  the  moun- 
tains from  which  it  takes  its  name.  (See  geologic  map,  PL  X,  in 
pocket.)  This  series  of  rocks  is  broken  by  many  intrusions  of  granite. 
Xo  placer  gold  has  been  found  in  the  area  of  Kigluaik  rocks,  and  they 
need  not  here  be  further  considered. 

Of  greater  interest  is  the  second  group,  of  rocks,  which  embraces 
the  schists,  limestones,  and  greenstones  here  called  the  Nome  group. 
These  rocks  occur  in  a  broad  belt  forming  the  uplands  south  of  the 
mountains.  They  are  highly  schistose  and  much  jointed  and  faulted, 
with  very  complex  structures.  Greenstones  are  everywhere  associated 
with  the  schists  of  this  series,  and  occur  in  both  schistose  and  massive 
forms. 

Quartz  veins  and  stringers  are  very  common  in  the  Nome  group, 
and  many  of  them  are  sulphide  bearing  and  not  a  few  auriferous. 
Most  of  these  veins  thus  far  discovered  are  mere  stringers  and  with- 
out commercial  importance  except  as  indicating  the  source  of  the 
gold.  A  few  veins  that  carry  commercial  values  have  l)een  found,  and 
one  has  been  opened  up  and  worked.  In  some  places  the  placer-min- 
ing operations  have  uncovered  zones  of  mineralization,  in  which  a 
series  of  stringer  leads  has  impregnated  a  rock  mass  of  considerable 
width  with  ore-bearing  solutions.  No  such  zcmes  have  been  found 
which  when  fairly  sampled  would  yield  workable  values,  though 
some  of  the  included  individual  veins  carry  a  high  gold  content. 

The  Port  Clarence  limestone  is  a  heavily  l)edded  rock  of  Silurian 
age  which  forms  a  member  of  the  Nome  group.  Its  general  unaltered 
character  and  its  distribution  relative  to  the  placers  indicate  that  it 
is  not  gold  bearing.  It  is  not  unconnnon,  however,  to  find  the  margins 
of  these  limestone  masses  the  lo(n  of  intense  deformation  accom- 
panied by  injection  of  quartz  veins.  The  distribution  of  the  lime- 
stone is  thus  not  without  economic  significance. 
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A  f^iiuill  area  of  ccMMM»aring  rocks  in  (lie  Sinuk  Rivor  ha^in,  proh- 
nhly  of  Terliiiry  H^t%  <k\^*rve^  menliun*  Thi5  coal  is,  hcmcvei%  without 
value. 

The  iHiconsoIiilatod  dt^posits  of  this  area  can  Iw  giTiii|>ed  iiii*h>r  thm' 
<j:tMii*nil  biuui^y— coiislal-plairi  deposits  slrcain  and  Iwnch  in^avels,  ami 
glacial  (lepiisitH,  AH  but  tfie  hist  cnriT  placer  |fohi*  Tlie  amsUil^ 
phi  in  ilc|H.j*sits  are  I  lie  most  extensive  an<I  in  fionie  plat"t*s  aggrepitt 
rnore  iUnn  100  feet  in  thickne.sg,  Tliey  arc  the  elevated  stream  and 
delta  de()D>%its  that  were  modified  more  or  less  by  wave  ad  Ion.  The 
stream  snivels  luirdly  need  spouial  description.  The  heneh  ^ravek 
indiide  nt>t  only  those*  of  the  prt^s<m(  dniinagi.^  ?>y«tcnj^  Imt  alsij  some 
high  terraces,  which  wi-re  hi  id  dinvn  in  drainage  channels  quit*.'  dif- 
ferent from  those  now  existing.  Evident^  of  this  ohier  drainage' 
system  is  fouml  widely  distribnted,  but  detailed  study  of  it.s  deposits 
has  IjccJi  linutcd  to  tlu>se  near  Dcxler  (^reck.  which  are  known  to  Iwa 
aiiriferuuss. 

DISCOVERY  AND  DEVELOPMENT. 

Nome,  the  recording  office  of  the  district  and  the  supply  point 
foi"  the  wliole  iK'nlnsuhi,  lies  at  the  mouth  of  Hiiake  Kiver.  on  th< 
edge  of  the  tundra  which  skirts  Bering  Sea,  A  rail  mad  leads  froD 
the  beach  across  the  coastal  plain  to  the  miners  alicnit  Anvil  Creek, 
and  has  recently  been  extended  uji  Nome  River,  acrosss  the  divide  and 
down  the  Knizgrtmepfl  to  Lanes  Landing,  Other  ]m|>ortant  set- 
tlements in  the  district  are  Dickson  and  Solomon,  which  lie  30  miles 
cast  of  Xoinc  niid  fi'oin  which  a  railroad  has  been  built  up  the  Solo- 
mon \^allcv  and  across  the  divide  into  the  Casadepaga  basin:  and 
lilii tr,  al)()ut  .'>()  miles  cast  of  Nome. 

The  liisl  lind  of  ii'(>Id  in  tlic  precinct  was  made  on  Anvil  Crcclc  in 
duly,  iSDs,"  since  whicli  time  (level()j)mcnts  have  been  ra])i(i.  The 
Lircalcr  ])ar(  of  liic  gold  ])ro(hiclion  was  taken  from  deposits  within 
IT)  inilc^  of  Nome,  l)iit  there  are  many  oiher  mining  centers  in  the 
prcciiicl  (ha(  have  produced  smaller  amounts.  In  addition  to  the 
I'cgioii  contigiions  to  >souie  the  precinct  includes  the  Topkok,  Solo- 
mon RImt,  Kldorado  Iiivcr.  C'rip])le  Iiixcr.  and  Sinuk  River  regions, 
all  of  which  haxc  produced  more  or  less  placer  gold.  The  present 
beach  AUi]  soiuc  of  the  ci'cck-bcd  deposits  have  been  exhaustiHl,  but 
new  (lix-oNcries  in  the  eleNab'd  beaches  aud  the  gravel-plain,  streaui, 
aud  beuch  |)lacers  are  coutinnally  being  uiad(*  and  the  construction 
of  ditches  tapping  the  water  resel•^-oi^>  of  tlu'  high  uiountain  valleys 
to  the  uoi'tli.  together  with  impro\'euieuts  in  transportation  facilities 
aud  in  luining  methods,  is  constantly  extending  the  field  of  o])era- 
tions. 
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Placer-mining  operations  in  the  Nome  precinct  include  summer 
work  in  open  cuts,  where  many  kinds  of  mechanical  devices  are  used, 
and  winter  work  by  shaft  and  drifting  methods.  Up  to  1903  most  of 
the  operated  placers  were  best  adapted  to  summer  work,  and  the  gold 
obtained  from  winter  dumps  was  only  a  small  part  of  the  output. 
Since  that  time  the  winter  production  has  increased  enormously,  so 
that  it  now  (1906)  amounts  to  about  50  per  cent  of  the  total. 

In  the  following  account  the  region  immediately  adjacent  to  Nome 
will  be  described  first,  both  because  of  its  great  importance  and  also 
because  there  has  been  more  mining  done  here,  which  enables  the 
geologist  to  gather  more  facts  regarding  the  mode  of  occurrence  of 
the  gold  than  in  the  less  well-developed  regions. 

NOME  REGION. 
GENERAL  OUTLINE. 

In  the  immediate  vicinity  of  Nome  there  is  a  region  containing 
many  rich  placer  deposits  of  great  variety,  including  the  present  and 
ancient  beaches,  gravel  plains,  and  creek  and  bench  placers  of  various 
kinds.  (See  fig.  7.)  In  places  these  forms  merge  with  one  another  and 
the  deposits  extend  across  the  divides,  making  a  complete  subdivision 
of  the  field  by  drainage  basins  impossible.  For  this  reason  it  seems 
desirable  in  the  following  descriptions  to  disregard  drainage  lines  and 
to  arrange  the  subject-matter  according  to  the  kinds  of  placers.  The 
Nome  region,  as  here  defined,  is  a  triangular  area,  with  its  base 
extending  about  15  miles  east  and  west  along  the  shore  of  Bering  Sea 
and  its  apex  25  miles  inland  near  the  head  of  Nome  River.  The  rich- 
est placers  are  within  a  radius  of  10  miles  from  Nome,  which  lies  near 
the  center  of  the  base  of  the  triangle.  The  coastal  plain  here  is  from 
4  to  7  miles  wide;  back  of  it  the  upland  is  drained  by  Snake  and 
Nome  rivers. 

The  bed  rock  of  the  coastal  plain  is  deeply  covered  with  Quater- 
nary gravels  and  sands.  Back  of  the  coastal  plain  the  bed  rock  is 
made  up  of  the  schists  and  limestones  of  the  Nome  group,  de- 
scribed on  pages  70-82.  The  structure  of  the  bed  rock  seems  simple  at 
fir5?t  sight,  but  the  developments  made  in  the  las-t  few  years  show  that 
the  rocks  are  faulted  in  many  places,  and  as  they  are  generally  cov- 
ered deeply  with  surficial  deposits,  it  has  not  yet  been  possible 
to  work  out  the  stratigraphic  relations  in  detail.  Mineralized  quartz 
and  calcite  veins  have  been  found  in  many  places  where  the  bed  rock 
has  been  exposed  by  placer-mining  operations.  They  occur  both  as 
fissure  veins  following  fault  planes  and  zones  of  fracture  and  as 
stringers  spreading  out  between  the  structural  planes  from  the  fis- 
sures. In  some  places  the  bed  rock  contains  a  network  of  small  veins, 
and  it  is  possible  that  some  masses  of  bed  rock  mineralized  in  this 
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of  the  Nome  region  was  undoubtedly  derived  from  these  quartz  veins. 
Great  masses  of  bed  rock  thus  mineralized  have  been  eroded  away, 
leaving  their  gold  content  concentrated  in  the  gravels.  In  newly  cut 
valleys  this  concentration  has  been  direct  from  the  bed  rock,  but  in 
the  older,  broader  valleys  and  the  coastal  plains  and  sea  beaches  these 
gravels  have  themselves  l)een  eroded  and  again  and  again  recon- 
centrated. 

BEACH   PLACERS. 

The  beach  placers  of  the  Nome  region  extended  along  the  shore 
of  Bering  Sea  for  about  30  miles,  practically  from  Cape  Nome  to 
Cape  Eodney.  They  have  been  worked  continuously  every  season 
since  1899,  and  though  the  greater  part  of  their  gold  content  was 
doubtless  extracted  before  the  end  of  the  season  of  1900  they  are 
still  producing  small  amounts  of  gold  and  will  continue  to  do  so 
for  some  years  to  come.  The  methods  of  mining  do  not  differ 
materially  from  those  used  in  1900,  though  at  the  present  time  the 
placers  are  of  little  economic  importance. 

The  total  output  of  the  Nome  beach  placers  has  probably  been 
$2,000,000.  Of  this  about  half  was  taken  out  in  1899  and  about 
$350,000  in  1900,  since  which  time  the  production  has  been  less  each 
year.  There  are  still  a  few  people  working  with  rockers,  and  in 
1904  several  sluicing  and  dredging  plants  were  in  operation. 

The  following  account  of  the  beach  placers  is  quoted  from  Brooks,*' 
who  had  exceptional  opportunities  to  study  these  deposits  when  he 
visited  Nome  during  the  height  of  the  excitement  in  1899  and  again 
in  1900: 

It  has  been  shown  that  the  lowest  bench  of  the  coastal  plain  ends  in  an 
escarpment,  10  to  20  feet  high  on  the  seaward  side.  From  the  base  of  this 
escarpment  the  beach  slopes  to  the  sea  at  an  angle  of  4°  to  5°,  having  a  width 
of  abont  50  to  75  yards.  Ordinarily  the  wave  action  is  confined  to  the  lower 
third,  but  during  severe  storms  the  surf  sometimes  rolls  up  the  full  width  of 
the  beach. 

The  surface  material  of  the  beach  is  usually  sand  with  occasional  shingle 
and  gravel.  The  pebbles,  which  have  the  characteristic  oblate  spheroidal  form 
of  beach  shingle,  are  composed  largely  of  quartz,  but  also  of  the  various  types 
of  country  rock  of  the  adjacent  region.  Pebbles  of  more  than  an  inch  or  two 
In  diameter  are  relatively  rare,  but  occasionally  small  bowlders  are  found, 
which  probably  owe  their  position  to  the  drifting  of  shore  ice. 

The  beach  s^uad  consists  largely  of  quartz,  usually  stained  with  iron,  and 
niicji  and  chlorite  schist  fragments.  Reddish  garnets  form  an  imiwrtant  con- 
stituent, sometimes  predominating  over  all  the  other  minerals,  and  then  con- 
stituting the  "  ruby  sands  *'  of  the  miners.  Magnetite  is  always  present,  but 
usually  forms  less  than  1  per  cent  by  weight,  though  in  the  concentrated  form 

•  Brooks,  A.  H.,  Richardson,  O.  B.,  and  C'cllier,  A.  .T.,  Reconnaissances  In  the  Cape 
Nome  and  Norton  Bay  regions,  Alaska,  in  1900,  a  special  publication  of  tlie  U.  S.  Geol. 
Survey,  1901,  pp.  85-91. 


fi>imtl  lu  the  pny  fltrwiks  it  jimy  run  a«  blffb  iis  10  iwr  (sent    Biidi  per^ntajEe, 
wlu't't*  the  material  l»  fiiip,  gJvt^  the  Hand  a  dark  wlor,  anil  tt  is  fheti  teniuHl    ■! 
"1r<.in  HainJ  *'  or  "  biaok  ^mir*  bj-  thf-  miners.     Mr.  ColUer  made  n  w**ii  a  ration,  ^ 
by  sifting,  of  u  typU.'Jil  Iwtit'li  ^ainl  tnketi  Tvom  n  fini«(ipft  htilp  m«ar  Nome,  witb 
the  view  of  determining  approximately  the  rehitlv**  proiKirtiou  <>f  the  dtff^^rent- 
s^lKHl  jiartli^Jert  by  vvei^;bt.    A  s^ample  of  «and  was  put  through  slei-es  of  different ' 
meiitlie^,  with  the  foUo^vlij;?  n^sultsr 

SB  Iter  eent  wiarser  than  2f>-Qjesh  Hk^Fa 

42  J  MM'  cent  fH>iir?*er  than  4t>-me.^h  wieva 

IB  \mr  rent  t\iiirMer  than  <in-mesh  j^ieve^ 

^  p**r  tvnt  c^airs^T  llian  NO-mes^h  sieve, 

1  (»er  I'fMit  fim^r  t!mn  H<i-mesh  s^leve. 

The  en  arse  nmlerhil  was  **hieJly  quarts  and  schSstoi^ie  rock  fragrnieDts.  The 
garnet  itereentnije  wna  alMUit  4  or  5  by  weight  and  the  magnetite  lest*  than  t. 
Mlt'u  Ik  identifnl,  but  formic  a  relnthely  low  |iei'eenta|:te  by  weight. 

An  jiveritge  ernsks  «e<.*tlun  of  the  b^avh  i^andft,  as  determhieti  by  an  exaujina- 
tkm  of  the  pits  made  during  the  mhiinjc  operatUaiH*  was  as  fnllowH:  Xear  tbe 
edge  of  tSie  tundra  a  hUioebiy  1)*m1  Ib  found  close  to  the  surface  nnd  »eemB  to 
»lc»|>e  sea  ward.  IIuJfsA'ay  d*>wn  ttn*  l>eaeh  towrir^l  tlie  wnter  this  el  ay  lietl  can 
usunlly  be  rtH-ogni/iHl  at  a  depth  tpf  Ti  U>  1  feet.  Thewe  statements  In  regard  t» 
the  vlay  IhhI  Jjnve  a  i^eneral  applieatkm,  but  the  writer  dnes  not  wisli  to  lm[)ly 
that  this  one  IkhI  ean  Ix*  trat^  thf^  entire  length  of  the  heaeh.  In  some  eases 
se^'eral  seams  can  be  reix^gniKe^l  and  In  olbern  the  elay  «eems«i  to  be  entirely 
I  a  eking.  It  1«  true,  however,  that  in  most  of  the  workings  ;i  clay  l>ed  lius  i*een 
ftjuud  a  few  fef*t  lielow  the  surface  which  slojK^a  toward  the  sen.  The  thick- 
ness of  this  ehiy  Mtratiuii  has  not  been  deter m in t*d,  but  it  must  aggreg^ite  ^ever^d 
feet.  Imiuetliately  alwve  tlie  clay  Hre  usually  flne  snmls,  tliough  fliaiiethiies 
cinnst^  ^'HMcIs,  TbiK  lityer  of  ssind,  whicb  Inr hides  th*^  p>ld  of  the  bi^nrh 
I)laeers,  contains  as  a  rule  a  larger  percentage  of  the  heavier  minerals  than 
tlie  l)e(ls  {il)()ve.  The  hifrlier  beds  in<-lude  coarser  and  finer  material,  such  as 
sands  and  gravels,  with  nr<-asi<)nal  thin  seams  of  clay.  Sometimes  fragments 
of  wood  and  other  vegetable  matt(M*  are  fcmnd  in  the  beach  sands,  but  these  are 
relatively  rare.  When  traced  horizontally  the  various  layi'rs  which  make  u)) 
the  beach  siinds  above  the  clay  bed  are  found  to  be  thin  lenses,  which  rai>idly 
thin  out  and  seMom  can  b(»  traced  a  hun<lred  feet.  The  coarse  gravels  are 
usually  found  in  i)ockets,  often  but  a  few  feet  in  lateral  extent. 

The  beach  san<l,  from  ('ai)e  Nome  to  Ilodney  Creek,  a  distance  of  about  oO 
miles,  nearly  everywhere  carries  colors  of  gold.  l»ro;idly  si)eaking.  the  richest 
<liggings  have  been  contined  to  about  20  miles  of  the  shore  in  th(»  central  i>art 
of  this  stretch.  In  this  belt  colors  are  obtainable  nearly  everywhere  at  the  s\n*- 
face.  but  the  beach  proper,  as  a  rule,  carries  values  oidy  some  feet  below  and 
on  clay  beds.  The  pay  streak  measures  from  <»  inches  to  '.\  fi'ct,  and  rests  on 
a  clay  bed  at  nearly  every  locality  that  was  examined.  The  thickness  of  the 
1  productive  sand  layer  at  any  one  locality  is  a  variant.  deixMiding  on  tlu*  refine- 
ment (»f  methods  used  in  mining  and  extracting.  Where  the  ordinary  cradle 
is  used,  from  <5  inches  to  2  feet  of  sand  an^  wasla'd.  With  the  emi)loyment  of 
m<»re  elaborate  methods,  where  larger  amounts  of  material  sre  handled,  all 
of  the  sand  and  gravel  from  the  surface  down  to  the  clay  bed  is  often  sluiced. 
Sometimes  two  j>ay  str(\'iks  are  found,  one  on  th(»  clay  and  one  a  foot  or  two 
above,  separated  by  interv<Miing  layers  of  nearly  barren  sand.  The  gold-bear- 
ing sand   sl(ip(^s  with   the  clay   bed   from   the  coastal-jdain   i^scarpment   toward 
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clay  bed.  The  accompanying  photograph,a  taken  by  Mr.  Schrader,  and  repro- 
duced from  the  report  already  cited,  gives  a  typical  section  of  the  beach  sand 
near  Nome.  The  lowest  pay  streak  seen  in  the  picture,  which  is  said  to  run 
$1  to  the  pan,  is  among  the  richest  that  have  been  found  in  the  beach.  The 
richest  part  of  the  pay  streak  in  its  horizontal  extension,  similar  to  the  layers 
of  sand  and  gravel,  is  found  to  be  of  lenticular  form,  thinning  out  toward  the 
margins.  The  sand  of  the  pay  streak  differs  in  no  way  from  that  of  the  beach, 
except  that  it  is  usually  finer  and  carries  a  larger  percentage  of  the  heavy  min- 
erals. There  is  often  a  progressive  increase  of  the  heavier  minerals  toward  the 
pay  streak.  While  in  the  surface  sands  the  percentage  by  weight  of  the  magne- 
tite is  often  less  than  1,  near  the  clay  bed  rock  it  may  run  up  to  8  or  10  per 
cent.  In  any  given  section  the  amount  of  garnet  also  increases  toward  the  bot- 
tom of  the  sand  layers. 

A  sample  of  gold-bearing  "  ruby  "  sand  from  a  locality  east  of  Nome  River, 
5  feet  below  the  surface,  was  sifted  by  Mr.  Collier,  and  the  following  percent- 
ages by  weight  were  obtained : 

3  per  cent  larger  than  20-mesh  sieve.     . 
29  per  cent  larger  than  40-mesh  sieve. 
53  per  cent  larger  than  GO-mesh  sieve. 
11  per  cent  larger  than  SO-mesh  sieve. 
3  per  cent  larger  than  100-mesh  sieve. 
1  per  cent  smaller  than  100-mesh  sieve. 
A  rough  mineralogical  separation  of  the  same  sample  resulted  as  follows: 
38  per  cent  quartz  stained  with  iron,  with  some  fragments  of  schistose 

rock. 
Gl  per  cent  garnet. 
1  per  cent  magnetite. 
Another  sample  of  auriferous  sand  gave  the  following  results: 

65  per  cent  chiefly  quartz  and  mica,  with  some  fragments  of  schistose 

rock. 
34  per  cent  garnet. 
1  per  cent  magnetite. 
A  third  sample  from  Nome  beach,  7  feet  1h»1ow  the  surface,  was  constituted 
^^s  follows: 

96  per  cent  quartz  and  schist  fragments,  mica,  etc. 
3i  per  cent  garnet,  magnetite,  etc. 
The  above  s^arations  show  that  the  minerals  of  beach  sand  can  not  be  re- 
garded as  having  anything  like  a  fixed  ratio. 

Time  has  been  lacking  to  make  a  complete  mineralogical  examination  of  the 
auriferous  sands.  The  following  minerals,  however,  have  been  noted  in  abun- 
dance: Quartz,  muscovite,  chlorite,  and  garnet;  and  as  accessories  magnetite, 
ilmenite,  and  pyrite. 

Large  flakes  of  gold  are  occasionally  found,  but  these  are  relatively  rare. 
Some  small  nuggets  have  been  reported,  running  up  to  the  value  of  $1,  but  are 
very  exceptional.  In  purity  it  is  about  0.890,  has  a  bright-yellow  color,  and 
amalgamates  readily. 

Tlie  gold  is  flaky,  and  the  average  grains  as  saved  by  panning  will  run  from 
70  to  80  to  the  cent,  valuing  the  gold  at  $14  an  ounce.  A  comparison  of  it  with 
beach  gold  from  other  localities  shows  it  to  be  rather  coarser.  The  beach  gold 
from  Randolph,  Oreg.,  averages  about  110  colors  to  1  cent.  That  from  the  Sixes 
mine  near  Denmark,  Oreg.,  averaged  about  600  colors  to  the  cent.  The  river- 
bar  gold  from  the  Snake  River,  Idaho,  which  is  mined  at  a  profit,  runs  from 


•Not  reproduced  in  this  volame. 
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Jw>  reujMJilkortHl  thnl  unj*  h  *if  \he  thu*  ^iM  of  tlie  Noiiii?  d(>poptt  ts*  lost  ^lurltj^tbi* 
prijrpjiw  (ir  Ht'pnrjit!oti.  nml  tlint  tJilswlII  lucreiiHe  tUo  average  sbe  of  tin?  n)lDra 
tied  jin.'  m\k'il 

Tin*  Bfiurce  i*f  !ii!s!  Ijtnu'h  gotd  luis  hi^enftlie  eiibjefH:  of  inurh  discmasion  among 
tlif  niint-rjsi  und  prusiKM-'tur*!  of  Noiiie*  Tlieurlcs  as  to  itw  gliiehil  origin  ate  coiit- 
itMiti,  MnU  hyptjtUrsi^H  wUich  nsslgu  Its  siource  to  volrnjik-  or  mett^rie  ageticli^ 
ttvf*  not  wlfliout  »u]ipoi'tora  'rbe  loori*  cnrt^ful  wtudent:*  at  tUe  queHlioii,  be  tbt*y 
piiiwjHx^torw  wliu  tmvt^  (^uimnl  UuHv  knowli^il^i^  hy  prm^iral  t'^jierlenfO  *;ir  mUiiUK 
Pii»ClTit^*rrs  who  lijivt'  Imtl  tbKm^ticul  u^i  vvt^ll  aw  iiractu-al  training,  an*  Kf'Ht^rally 
sij^rt't'd  tlijvl  lln*  Itcurh  ^,H>Id  hiiH  tin.^  same  stniree  as  the  crwk  gold,  and  an-  at 
vurtaiu'e  onJy  <ni  tliL^  cjuesitiorj  uf  Jt?t  iiioile  of  dlHtrilHition* 

Tf»*[H*  I  mi  Ik*  [Hi  dfJiilH  tljrtt  the  I  tea  Hi  gold  ft  an  id  \tn  soune  ha  the  he<l  rook  of 
the  tidjarent  regkm  and  that  it  uiis  tnui:^iM>rted  to  its  [^resent  iK>j*it[oii  hy  watw, 
A  theory  wlilob  is  often  adyocated  assigns  its  diatrihtition  to  the  iietlon  of  sliore 
eiiiTeiitss — til: it  K  Ihat  the  irohl  wuh  brought  down  hy  the  rivens  and  distrihutieid  ^ 
along  the  shore  hy  currents.  In  HiiiUKn^t  of  thin  theory  attention  U  ilrawn  taU 
the  faot  that  the  rUhest  defKi^HH  oernir  near  the  mouths  of  rivers  vvh((*h  hnv«? 
their  souive  in  the  golddieariuji?  area.  The  objeetions  to  thfs  oiode  of  di??ti'i bu- 
ll on  are:  Flrsjt.  we  hnve  no  evidejiee  tlmt  i^u<1i  eurrentH  exist  along  the  (.■^.uist, 
unci  to  fi(i]p[xise  that  the  heaeli  g*dd  \vn^  distrihuted  by  eurronts  at  Xome-we 
niUNt  lK*lleve  that  the  eurrents  run  in  hotU  dirts-tions  from  the  motiths  of  the 
rivers*  For  Instance,  heaeh  gold  is  found  niong  the  shore  in  hotti  dli'oetion!* 
fnmi  Snake  Itiver*  If  this  river  c^intributetl  the  goM,  it  is  ditHeult  to  under- 
Btaud  why  It  should  lie  found  In  both  direetious  from  the  mouth,  ^eifiud,  objee^ 
tion  is  made  that  the  river  bars  do  not  contain  as  nmeh  j?ohl  as  we  should 
eXT>eet  It  they  had  Iwen  the  immedJate  souit'e  of  the  beach  gold.  Third,  the  gol# 
[H  tin»  roiirso  to  l>i'  f'lirrinl  hy  <ni'jm  i  urrpnts.  FrMU'tli,  \t^  d^stril>utt<»ii  in  the 
beach  sands  sliows  tliat  it  must  have  been  f*oneentrate<l  by  wave  action.  If  we 
arc  to  sui)p()S(>  that  tlic  gold  was  l>ro\i,i;ht  alongshore  by  ocean  currents,  tlio 
waves  must  have  waslicd  it  up  on  the  shore,  and  snbstMinently  given  it  its; 
iKMiili.-ir  I'oi'in  of  concentration.  If  the  gold  was  borne  by  ocean  currents,  we 
should  cxiKM-t  to  tiiid  it  in  the  i>res(Mit  ocean  bottom  of  tlu'  sanu'  degree  of 
(■(►arsriiess  .as  it  is  found  on  the  beach.  As  a  matter  of  fact,  the  little  gold  that 
has  h,  eu  obtaiucd  off  the  coast  of  Nome  has  been  much  finer  than  the  bearh 
L'old.  These  objections  to  the  theory  of  current  distribution  seem  to  be  insniK'r- 
ahle. 

Attention  has  aln'ady  been  directed  to  the  fact  that  the  sand  and  gravels  of 
the  c(Kistal  |)lain  are  auriferous.  Kvidenc(»  has  been  given  that  i)oints  toward 
the  conclusion  that  these  deposits  were  laid  down  at  the  months  of  streams 
when  the  land  st(Mid  ;it  a  lower  <'levation  relatively  to  the  sea  than  it  does  now. 
The  streams  and  rivers  gradually  encroached  on  the  sea  lloor  by  the  building 
out  of  theii-  deltas.  In  these  delta  dejjosits  gold  was  laid  down  with  the  othei" 
matei-iai.  au<l  was  more  or  less  disseminated. 

In  the  "Preliminary  report"  Mr.  Schrader  an<l  the  writ(»r  advanced  tlic 
theory  that  the  gold  was  concentrated  fr(»m  the  coastal-i)lain  gravels  l)y  the 
w  a  \  c  act  lull  which  cut  the  seaward  escari>ment  of  the  plain.  The  diagrannnatir 
sketch  I  fig.  Sj  which  was  published  to  illustrate  this  point  is  here  reproduct^l. 
In  this  sketch  the  <'dge  of  the  coastal-plain  escarianent  is  marked  and  the  posi- 
ti(m  of  the  beach  i)larers  in  reference  to  it  is  shown.  During  high  storms  the 
uavis  even  now  rf>ni'b  the  lumgiti  of  llii^  j^sc^n'pnicut  and  cut  asvay  the  basr  nf 
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this  wave  action  and  the  heavier  particles,  such  as  the  gold,  sink  into  the  sand. 
It  is  a  well-known  fact  that  this  fine  gold  wHl  make  its  way  through  sand  for  some 
lilstance,  provided  its  passage  is  not  interrupted  by  any  iuiiwrvious  layer.  This 
downward  movement  is  brought  about  near  the  surface  of  the  beach  by  the 
oonstant  motion  which  is  given  the  sand  by  the  waves.  The  i)ercolating  waters 
will  also  help  to  carry  the  grains  of  gold  downward.  It  should  be  nottnl  here 
that  the  beach  sand,  being  well  drained,  is  not  frozen  in  summer.  In  the 
<-onrse  of  its  downward  passage  the  gold  finally  reaches  a  clay  layer,  and  here 
becomes  concentrated  as  it  is  found.  There  is  another  factor  which  may  have 
a<»celerated  the  downward  movements  of  the  heavier  particles.  In  the  spring 
months  southerly  storms  frequently  pile  up  the  ice  on  the  Nome  beach  to  a  great 
height.  When  large  floes  are  driven  ashore  on  the  shelving  beach  they  nnist 
cause  considerable  movement  in  the  underlying  sands,  and  this  motion  is  prob- 
ably transmitted  to  a  depth  of  several  feet  and  causes  a  disturbance  among  the 
grains  of  sand.  A  sort  of  sifting  process  would  take  place  by  which  the  heavier 
particles  would  always  descend  and  eventually  be  concentrated  l)eyond  the  line 
of  movement  or  on  impervious  layers  which  they  could  not  penetrate. 

The  explanation  by  wave  sorting  may  perhaps  account  for  other  beach  placers. 
Mr.  J.  S.  Diller  Informed  the  writer  that  the  richest  beach  diggings  on  the  Oregon 
coast  are  at  points  where  waves  have  acc*ess  to  high  bluffs.  In  fact,  the  Oregon 
and  California  beach  placers  have  many  things  in  common  with  those  of  Nome, 
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FiQ.  8. — Diagrammatic  section  of  beach  placers. 

but  their  gold  seems  to  be  much  finer.  In  the  early  developments,  however,  of 
these  southern  beach  deposits  some  diggings  were  mined  which  were  more  com- 
parable to  thoFe  of  the  Nome  region  in  their  richness  and  the  coarseness  of  their 
gold;  but  these  were  long  ago  exhaust wl,  and  the  operations  are  now  confined 
to  localities  where  careful  and  economic*  mining  and  separating  methods  enable 
the  operators  to  work  dei)osits  which  are  of  comparatively  low  grade. 

A  question  of  interest  is  whether  there  may  not  be  old  beach  placers  in  this 
region  similar  to  those  that  are  found  in  Oregon.  It  lias  been  assumed  that  this 
part  of  Seward  Peninsula  has  in  comparatively  recent  times  been  t'levnted 
to  a  height  varying  from  GOO  to  1,400  feet.  Attention  has  been  drawn  to  benches 
which  are  believed  to  represent  former  shore  lines.  It  is  a  logical  conclusion 
that  during  this  period  of  uplift  similar  beach  placers  have  been  formed  in 
the  region,  and  a  search  for  them  should  be  a  fruitful  field  of  investigation. 
It  has  been  suggested  elsewhere  that  some  of  the  escarpments  in  the  coastal 
plain  may  mark  former  shore  lines. 

Mining  operations  on  the  Nome  beach  have  all  been  carried  on  in  a  very  hap- 
hazard way.  During  the  first  year  the  methods  used  were  those  of  the  hand 
rocker,  and -It  was  everybody's  object  to  secure  a  rich  patch  of  ground  which 
would  pay  for  the  mining  by  this  crude  method.  There  was  then  ample  room 
for  the  men  who  took  part  in  the  beach  diggings.  No  claims  were  staked  and 
no  serious  quarrels  arose  because  of  tresi)ass.    In  the  second  year  of  the  opera- 


IUhw  e  vast  tloal  of  mining  innehlm^ry  wiif*  tiuiwrrHHl  nntl  Hiany  nttemptu  wert 
uijulr-  Id  Knmlli*  Ihi*  Ijem'Sj  tttJiiil**  at  wiiinll  imrtt,  Tljt^ric  enienn'iw^  wurt.%  im  llii? 
wlKili*,  not  r«iyt"»S  ventiin'w,  TIr>  hlglj  fivi^^ht  rates  iu  lli**  Ktuiie  rt*gl<tt^  nuiJ  rln> 
KTf'Jit  ei>9l  II f  TiH^K  »ii4  wt?il  aK  UigU  wiijjt^s,  iimde  tUe  exi>fTist*  of  riainhji?  XUi^^ 
lt]mtt»  very  t^nmi.  It  weih  hiiK»***iJl*tf*  fi>r  the  o|M^rntfii-!*  tti  olitaUu  exHnj^he  rtjrbl 
to  nnj-  imrf  of  fli«*  tou'ti*  ami  tlw  i?nti*viit\M'!^  wtnx?  ef>n«t:iutly  interfrrinj:  ^vlth 
ont*  iiiioilim-*  Mt.irt*o^■o^<  (hiring  the  rn-t^vIonH  year  the  r holiest  rnrt  nf  tlit*  \mwh 
iWKiiUi^^  laid  UKm  (fiitt<Hl»  »nil  hh  tlu*  evident^  nf  the  wnrkliijc  htu\  h(H*T\  «*nt(Hy 
iJpsUiiyiHi  by  till*  Uh*  i*t  ibe  winter,  H  wns  n»|Hii^sltilf  ti>  plHt  oui  fn***b  iM>rtiou« 
nT  tbt*  Im'ikHi  Tin'  lulnlnif  oprratlmiK,  Tho  olioioo  of  lwsHii>n  hail  to  l>*.*  mmU*  iit 
njil*lai5«ar(I.  TUt*  lar^'t*  jjiiuttwr  of  luen  wtio  worv'  4'Ui:ap*il  in  lM*arU  minium; 
iriatk*  UvleHlgfnl:  pmHtH^rtlJifr  jm*vlfmK  to  lot'iitinu  t^iitUvly  trii|ioHHiljk'.  Jn 
Aa^ii^t.  ujorwivtT  a  Uoavy  Ktona  tliMtroy*»(1  n  Invito  part  i^f  llu'^  nau*hliw*ry  (lUnjg 
Uio  NuuH*  byaeh  and  jiut  i\n  rITrrtual  :<top  lo  many  of  ihp  (niteipriyci*.  In  view 
of  Mwm^  tsit'tH  It  \h  not  MurprtKlng  tlmt  there  were  more  heacU-iuluini*  conipnalw 
that  loHf  nainey  than  tneix*  wciv  il«it  «jatlt>  money.  A  Inr^  anioiuit  s*as 
Tirvt^rthi'U'HN   tiiUeii  out  of  the  lierK'U*  whkti    F^K'tor   WhUebead  ewtimates  at 

A,^  tit  powsibSlltU*?*  of  future  mining  developments^  It  ran  l>e  proptieskxl  tljnt 
no  lar>,'e  enterprises  fan  he  «nf"ei*«fifully  rarrh'd  lail  unless  in  wiune  way  a  litlii* 
for  a  Klveij  stnHrJi  of  the  heneh  r-nn  la?  ohtJilneiU  A  lartje  |»eni:'ntaBe  ot  flii* 
beat^h  Hand  1h  pmhahly  far  rlrliei'  than  I  hat  ^rhieh  Is  mhuil  on  the  Cm-v^Liu 
HTid  {'allfortda  eoaKt  at  a  pitiflt.  IndcH^t,  the  tine  ^olil,  »nAi  a»  I  bat  found  In  \h& 
Oreiion  lienelies.  Is  not  Hrivcnl  at  all  a  I  the  Nome  tw^ieh. 


PLACi:U8   t>r   THE  COASTAL   PLAIN* 


IKTIlODTrOTION. 
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The  auriferous  nrn^vols  of  the  roastal  plain,  or  tundra,  as  it  is 
usually  called,  have  not  yet  been  very  larp»  ])roducers.  Many  of  the 
rich  spots  have  heiMi  worked.  esj)ecially  near  the  base  of  the  hills, 
but  no  nunins  have  yet  been  deviscMl  for  handling  the  lower-irrade 
auriferous  irravels,  which  form  very  extensive  deposits.  Plans  have 
been  fornndated  for  handliuir  some  of  this  material  with  steam 
sho\('ls.  and  it  has  also  been  proi)osed  to  use  hydraulic  means, 
althoui^h  this  would  necessitate  some  provision  for  the  removal  of 
the  tailings,  as  nuich  of  the  bed-rock  sui'face  underneath  the  alluvium 
is  prol)ably  close  to  sea  level,  if  not  below  it.  The  Brooks  j)arty 
studied  this  district  in  considerable*  detail  in  IDOO.  and  not  much  can 
be  addecl  to  the  <j:eneral  descrii)ti()n  tluMi  ])ubHshed,  thou«rh  many 
additional  detailed  obser^'ations  have  since  becMi  made.  Brooks's  <^en- 
eral  account  of  these  dei)osits  is  here  (|uoted  in  full:" 

'rhe  crescent-slinped  eoMstnl  plnin  which  iiit(M"v(MU>s  l>etw(»eii  the  hicrhhuids 
and  tlie  stNi  hi  the  vicinity  of  Nouk*  h;is  nU'cndy  hccn  <l(*scrih(Ml.  Tlie  sandy 
iK'acli  slojK's  up  fiHun  tlic  ocean  at  an  anisic  of  ahout  '*"  to  an  escarjinient  lu  t<) 
*Jo  I'cet  hi^h.  'i'his  same  slope  is  carried  seaward  at  a  lower  anjrle  and  ;:ives 
liie  sli;illi*w  iHtttttm  whtch  e.xleilds  mil  a1nHi!  Ji  llMlT  iwiU'  from  shnny      Fruiii  Mii- 
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escarpment  the  plain  extends  inland  to  another  escarpment,  which  marks  the 
seaward  limit  of  a  second  bench  which  is  about  50  feet  high.  In  some  places 
this  second  bench  lies  within  a  quarter  of  a  mile  of  the  shore,  while  elsewhere 
it  has  receded  much  farther  inland.  A  third  bench,  100  feet  or  more  in  height, 
lies  still  farther  from  the  coast,  and  from  this  the  coastal  belt  merges  with 
the  upland  in  a  succession  of  smaller  and  less-marked  benches. 

It  has  already  been  shown  that  the  region  has  been  gradually  elevated 
during  recent  geological  time.  The  coastal-plain  terraces,  like  the  high  benches 
already  described,  are  made  up  of  material  that  was  deposited  along  the 
margin  of  the  shore  while  the  land  stood  at  lower  elevation  relative  to  the 
sea  than  it  does  now.  The  successive  benches  mark  a  series  of  interruptions 
in  the  uplift,  when  the  land  stood  at  a  constant  elevation  long  enough  to 
permit  the  accumulation  of  the  material  of  which  the  terraces  are  formed. 

The  sediments  of  the  coastal  plain  are  predominatingly  of  tine  material, 
usually  sand  and  sandy  clay,  with  some  coarser  gravel  layers  and  fre<iuent 
beds  of  clay.  Broadly  si^eaking,  these  sediments  increase  in  coarseness  in  an 
inland  direction.  They  were  contributed  by  the  streams  and  rivers,  which 
gradually  built  out  their  deltas.  These  coastal-plain  deix)sits  were  laid  down 
on  a  rock  surface  which  had  been  more  or  less  channeled  by  streams  and 
which*  must  have  been  very  uneven,  and  the  consequence  is  that  there  is  prob- 
ably great  variation  in  their  thickness.  Near  the  town  of  Nome  bed  rock 
rejiches  close  to  the  surface,  and  in  close  proximity  pits  30  feet  deep  have 
failed  to  reach  bed  rock.  Locally  the  thickness  may  be  100  feet  or  more. 
Therefore  mining  enterprises  which  depend  on  reaching  bed  rock  must  in 
every  instance  make  a  preliminary  determination  of  thickness  by  boring  or  by 
sinking  test  pits,  as  generalizations  regarding  thickness  are  liable  to  be  entirely 
in  error. 

The  gravels  and  other  sediments  of  the  coastal  plain  have  the  same  origin 
«s  those  of  the  creeks  and  gulches  which  have  already  been  described,  and 
lience  we  should  expect  them  to  be  auriferous,  and  such  is  the  case.  The  gold 
of  the  coastal  plain,  having  been  carried  farther  from  the  parent  rock  than 
the  creek  and  gulch  gold.  Is  much  finer.  In  character  it  is  more  closely  allied 
to  the  gold  of  the  river  bars. 

The  gold  deposits  of  the  coastal  plain  may  he  grouped  under  two  headings. 
The  first  are  the  gravel-plain  placers,  in  which  the  gold  first  accumulated.  The 
gold  is  more  or  less  disseminated  through  the  gravels,  sometimes  concentrated 
on  a  clay  bed,  but  characteristically  in  an  unconcentrated  form.  The  placers 
of  this  description  have  received  but  little  attention.  Where  they  are  uncon- 
centrated they  can  be  worked  only  on  a  large  scale,  with  improved  machinery. 
The  success  of  such  mining  would  be  dependent  on  handling  a  large  quantity 
of  material  and  on  saving  all  the  gold  by  refined  methods  rather  than  on  the 
finding  of  the  rich  pay  streaks. 

As  these  coastal-plain  deposits  were  laid  down  at  the  margin  of  the  ocean,  w.e 
should  expect  old  sea  beaches  to  be  found  in  these  gravels.  If  such  beaches  are 
found,  they  are  likely  to  prove  as  rich  as  the  present  beach  at  Nome.  It  would 
therefore  be  well  for  the  prosjiectors  to  examine  carefully  the  seaward  side  of 
the  different  escarpments  which  mark  the  limits  of  the  terraces.  These  bluffs 
are  quite  likely  to  mark  an  old  sea  beach.  In  such  types  of  deposits  we  should 
expect  their  extension  to  be  more  or  less  parallel  to  the  present  coast  line. 

The  second  form  of  deposits  is  comix>seil  of  the  gulch  and  creek  placers  of  the 
coastal  plain.  This  class  of  deposit  includes  the  placers  of  the  smaller  streams 
whose  sources  lie  within  the  coastal  plain.  As  these  streams  do  not  reach  bed 
rode,  their  placers  must  have  derived  their  gold  from  the  gravels  in  which  they 
flow.     These  placers  are  in  fact  reconcentrations  of  the  auriferous  gravels  of 
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the  n  in  Mill  jvUniL  TU^y  form  iiMlnnd  Klijk'*»H  in  whleb  tbe  *!iH8em\nnU*tl  miU\  of 
tlH*  gnivH'i'l^iUi  iUiu*€»rK  Uns  he<>»  cH»lltH-leiL  This  eotieentnitkni  Imn  iimtixMy  tnki-u 
jUiMi?  mi  n  strntiim  of  t^uy,  or  **  fj)  W  1h*<1  rcM:U,"  flr*  (la*  iiiiru^ri?  tenu  it,  Aa  Ujei« 
Uiytn-rt  i>f  vUiy  hiv  Unble  to  Ik?  tnicuuiiterod  at,  dllteivut  horizons  lu  tlio  gruveH 
tlii^i't?  may  Ik>  n  Tiunihyr  of  pay  8t1^il£ii|  one  above  tUe  «tJit>r,  eei>iinitod  by  tmmh 
una  i^lajK, 

Mi*Ht  uf  tbt*  (U'VoUt[niiHil  tbiit  has*  bwii  uaide  stj  far  ij*  In  tb^it  laui  ^if  the 
coaslal  plutii  wUU*h  II*'s  brtwin^n  Ni>iue  tital  Sjutki-  rlvern.  Tho  priil>iiiiilttl<>?4  jire 
that  tbia  aroa  luflutles  the  HebfT  jiorthm  at  the  tiiai^tal-^jhiin  defHinits.  Thk 
4^ri*€'!4iwm(1s  til  u  K^"*?ral  way  with  tlit*  dlHtrilaitlon  uf  the  rU^Ler  |ihUHM*H  of  tltp 
Xirnie  b*?»t'li,  vvlik'b,  aa  will  ht?  >^hu\va»  tlerived  tlieir  guld  from  the  (.KKistat-i^hiia 
itt*[tf»sitf4.  Id  the  detailed  di^sf-niithma  wbiub  fiillow,  tbt*  biHei-n^^inidty  of  tin? 
coawtfil-plafa  deix>sitH  la  well  illuatnttetL  Teat  pits  but  a  few  yanls  ainirl  shw 
very  dllTi*rent  aediLUa*.  Itj  the  eiiarser  f^ravela  eroaa-liMdiug  stjeh  at^  \Vi*uhl  Ikt 
ex|ie(it»il  in  tieltaa  U  tiut  umiiainain.  The  Kurfnee  lay  era  sn  all  the  se«*ti(iii«  n>ii* 
Hist  i>f  a  foot  cir  two  of  moM.  other  ve>,'etHltli>  gro^vtb*  and  mufk.  Uelow  lliitt 
nifjjstle  theifi'omid  Is*  uaualJy  found  tu  he  froxeu.  in  summer  u«  well  as  in  winter* 
Tlie  ti'w  aeftionw  thjit  were  iibtiLmfd,  iia  ivlll  lie  seen,  show  a  pay  »trtMik  cim* 
Hiath**:  of  ruUior  e^jur^e  (frnvel,  1  to  -J  ft*ot  in  thiekiiesK.  mid  nlwaya  ovt^ilying 
n  4*lny  fnn\.  The  pay  wtreaks  wbirb  bavi.^  tbua  ft\f  Iket^n  niineil  were  r<nn*d  ftxnu 
1  to  H*  l'n*t  b**hnv  the  p»rfnt!e.  The  i^nnds  and  gravels  are  nMially  fuuml  to  vnny 
pdd  fvoih  the  Hurl'a^i*  down,  but  are  nt^ver  font'entrnted  uxft.'pt  on  a  l>e4l  of  rjay. 
The  ert»nk  antl  gftUch  iilneera  of  the  eonatal  plain  ut  Noiue  are  estlmatiHl  fo  liavt 
prod  need  atnait  ^irin,<.Kill  during  last  seasion. 

Sinee  the  above  was  written  these  auriferous  depomte  have  romved 

u  rciiistantly  inereH.siiig  timount  of  attention,  and  during  Hie  t^ea^on  of 
190S  large  areas  were  Hystematieally  prcspectteU.    Along  the  ti^rrat-e 

I'H.sv  uf  ^'^J^<^  :il ready  deseril>erU  ;in  old  hearli  containing  fine  ^ruM 
in  lar^e  amounts  lias  been  uncovered  in  shallow  prospect  holes,  veri- 
fy in<^'  a  prediction  made  in  tlie  j)rcvious  report.  Fossil  mollusks  and 
liryo/oa  idcntiticHi  as  decent  l)y  A^'illiam  II.  Dall  have  l)een  found  in 
the  old  beach  sands  uncovered  I)y  the  minin<^  operations. 


I 


OLD  BEACE  LINES. 

One  of  the  most  definite  phicer  dej)osits  of  the  coastal  phiin  lies 
about  half  a  mile  back  of  the  pr(\sent  l)each  and  is  traceable  for  0 
miles  from  IIastin<is  Creek  to  Dry  Creek,  being  marked  by  the  esearp- 
ment  lisiuir  from  10  to  40  feet  al)ove  the  tundra  already  referred  to. 
Tlial  this  is  a  beach  deposit  is  evident  not  only  from  the  presence  of 
the  escarpment  but  also  fi-om  the  nature  of  the  materials,  Avhich  con- 
sist of  characteristic  well-roundiMl  j)ebbles  and  white  quartz  sands 
containing  rounded  fragments  of  sea  shells.  The  same  beach  line  i> 
prol)ably  continuecl  \v(\stwai'd,  but  is  not  marked  by  an  escari)ment, 
as  it  licrc^  formed  a  ban'iei'  between  a  lagoon  and  Bering  Sea.  It 
seems  likely  that  the  lower  Snake  River,  whose  course  for  5  or  (>  miles 
is  parallel  to  the  beach,  follows  the  shore  of  the  old  lagoon.      (See 
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of  this  part  of  the  Snake  River  trench,  parallel  with  the  present 
l)each.  Ancient  beach  deposits  may  be  recognized  by  the  character 
of  the  material,  even  where  no  scarp  or  lagoon  is  preserved.  Per- 
fectly rounded  pebbles  and  shingle  with  white  sands,  com])osed 
mainly  of  quartz  grains  but  containing  rounded  fragments  of  sea 
shells,  are  infallible  indications  of  beach  material.  The  peculiar  bed- 
ding of  the  beach  sands  can  usually  also  be  recognized.  By  these  cri- 
teria ancient  beaches  now^  deej)ly  buried  below  the  tundra  have  been 
identified  and  reported  by  prospectors  at  a  greater  distance  from 
the  coast. 

The  east  end  of  the  ancient  beach  above  described  is  being  mined 
about  one-fourth  mile  from  the  present  shore  near  Hastings  Creek, 
which  enters  Bering  Sea  10  miles  east  of  Nome.  Hastings  Creek  is 
about  ()  miles  long,  and  its  basin  is  entirely  within  the  coastal  plain. 
It  has  a  low  gradient,  but  carries  sufficient  water  for  sluicing.  About 
2  miles  from  the  coast  a  prospect  hole  reached  bed  rock  at  rV2  feet. 

Gold  was  discovered  near  the  mouth  of  the  creek  in  1001,  and  since 
that  time  more  than  $0,000  has  been  produced.  The  section  exposed 
by  the  mining  is  as  follows  : 

Section  near  mouth  of  Ilastiiif/s  Creek. 

Feet. 

Moss  ami  muck 12 

Beach    sand 10 

CJoarse  gravel  and  clay. 

The  gold  occurs  in  three  or  four  thin  layers  of  '"  ruby  "  sand  near 
the  bottom  of  the  beach-sand  stratum  and  is  of  the  same  character 
as  beach  gold.  This  pay  streak  has  been  traced  about  400  yards  to 
the  west,  and  also  occurs  on  the  east  bank  of  the  creek,  where  a  few 
hundred  dollars  have  been  produced.  AATien  Mr.  Hess  visited  the 
locality  in  June,  1903,  a  dump  of  about  1,000  cubic  yards  had  been 
mined  out  and  a  gasoline  pump  was  being  installed  on  the  creek  to 
provide  water  for  sluicing.  A  ditch  to  bring  water  from  Flambeau 
River  for  hydraulicking  has  been  surveyed. 

ITiere  appears  to  be  an  extension  of  this  deposit  about  half  a  mile 
east  of  Hastings  Creek,  where  there  is  a  well-marked  bench  about  40 
feet  above  the  sea.  At  this  place  several  })its  have  been  dug,  and  it 
is  said  that  several  thousand  dollars  in  gold  has  been  taken  out.  The 
excavations  show  sands  and  gravels  with  some  seams  of  clay.  Gold 
has  been  found  in  a  layer  of  ''  ruby  "  and  black  sand  about  8  feet 
below  the  surface,  where  the  placers  are  said  to  have  yielded  10  cents 
to  the  pan. 

The  same  beach  deposit  is  found  again  east  of  Nome  River,  where 
it  has  been  traced  to  Peluk  Creek.  This  elevated  beach  has  been 
prospected  for  about  1 J  miles,  and  one  claim  is  reported  to  have  pro- 
duced $20,000  during  the  winter  of  1902-3. 
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Similar  deposits  have  been  mined  to  a  limited  extent  about  half 
a  mile  east  of  Nome  near  Dry  Creek,  and  also  at  the  mouth  of  Bour- 
bon Creek.  Here  the  gold-bearing  stratum  lies  near  the  surface  of 
the  tundra,  about  20  feet  above  the  bed  of  the  stream.  The  excava- 
tions show  a  few  inches  of  moss  and  muck  overlying  beach  sands  that 
contain  well-rounded  fragments  of  sea  shells.  The  fine  gold  is 
mostly  concentrated  in  thin  layers  of  "  ruby  "  sand  interbedded  with 
white  sand.  From  some  of  the  layers  of  this  "  ruby  "  or  garnet  sand 
Collier  obtained  15  to  20  fine  colors  of  gold  in  a  shovelful  of  the 
material.  In  one  place  the  deposit  was  sluiced  early  in  the  seaj^on 
with  water  collected  by  a  dam  on  the  tundra.  In  another  place 
horses  were  used  and  the  pay  dirt  was  scraped  down  the  hill  to  sluice 
boxes  near  the  creek  bed.  Dredges  have  also  been  used  to  handle 
this  material. 

The  latest  authentic  information  on  the  elevated  beaches  is  coa- 
tained  in  a  report  by  Moffit,  which  includes  an  account  of  the  so- 
called  third-beach  line  discovered  in  the  fall  of  1904.  The  foUowia^ 
is  quoted  from  this  report :  ® 

Our  knowledge  of  the  tundra   has  been  greatly  increased  during  the  \'^^'^ 
two  years  by  developments  on  the  buried  beaches.     Two  well-defined  ancle-nt 
gravel  deposits  of  this  sort  have  now  been  explored  through  a  part  of  tbeir 
length.     [See  fig.  0.]     One  of  these,  near  Nome,  lies  about  three-fourths  of    ^ 
mile  north  of  the  present  coast  line  and  extends  east\vard  to  a  point  withiu   -* 
short  distance  of  Cape  Nome.     At  Hastings  Creek  it  is  at)out  a  fourth  of    ^ 
mile  distant  from  tide  water,  but  east  of  that  locality  its  jiosition  is  not  knowD. 
and    it   appears   to   have   been    removed   through   erosion.     To   the   west  it  ^^ 
I>robably  represente<l  by  the  beach  deiwsits  of  Jess  Creek.     Its  elevation  alx>^'*' 
sea  level  is  37  feet  and  its  location  is  in  most  places  indicatiKl  by  a  stet»p.  ^"'^^ 
covered  gravel  bank,  at  whose  foot  it  lies.     The  other  l>each  line  is  dpfinitt*^-^ 
located   from   the  place  where  it   is  crossed   by  the  railroad  tracks  at  Little 
Creek  to  McDonald  Creek,  a  distance  sliglitly  more  than  5  miles.     Its  elevation 
above  sea  level,  according  to  reliable  information  obtained  at  Nome,  is  ?.♦  f^^^* 
It  extends  in  a  nearly  straight  or  slightly  curved  line  between  the  points  m^"' 
tioned,    yet   shows   slight   undulations    and    is    interrupted    by    the   valleys  o^ 
Nome   Kiver,   Anvil   Creek,   and    Snake   River,   these   streams   lying  l^elow  it=^ 
level.     These  two  ancient  coast  lines  are  generally  known  as  the  second  an« 
third  bejiches,  the  present  one  being  regarded  as  the  first.     Mention  of  others 
lying  l)ctween  is  frecpiently  heard,  but  although  this  is  not  only  jwssiltle  l>«t 
even  prol)able,  no  othc^'  continuous  beach  has  yet  been  traced. 

A  generalized  section  of  the  deposits  exiK)sed  along  the  third  beach  woult^ 
sliow  gravel  or  sandy  grav(^l.  witli  coarse*  bowlders  resting  either  on  ^'^^^'^^ 
bed  rock  in  which  are  a  few  limestone  beds  or,  as  is  the  case  at  the  east  eoo 
of  the  beach,  on  tine  sands  which  in  turn  rest  on  schist  bed  rock.  Alwve  tln^ 
is  a  c()nsi(leral)le  body  of  gravel  overlain  by  "  nmck '*  and  the  surface  vesetab'^ 
matter.  This  general  section  is.  however,  subject  to  wide  variations.  '^^ 
thiclvuess  of  the  muck  varies  from  1  to  2  f(K»t  to  20  feet  or  more.  Underlyio? 
the  muck  in  several  shafts  a  blue  clay  was  found.     In  places  a  heavy  wasb 
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occurs  near  the  surface.  Here  and  there  the  gravels  are  slightly  cemented  by 
the  deposition  of  lime  or  iron  oxide.  Marine  gravels  are  interbedded  with 
creek  wash.  The  character  of  the  material  varies  both  in  composition  and  in 
coarseness — in  fact,  the  deposits  wliere  first  exposed  on  Little  Creek  were  so 
varied  in  appearance  and  manner  of  deposition  as  to  cause  doubt  whether  any 
of  them  were  of  marine  origin. 

The  gold-bearing  gravels  or  pay  streaks  vary  in  width  from  25  to  perhaps 
100  feet  and  have  a  fairly  constant  southerly  slope  of  about  1  foot  in  10.  They 
rest  in  some  places  on  bed  rock,  in  some  places  on  other  gravel,  and  toward 
the  east,  as  has  been  stated,  on  fine  sand. 

Only  a  part  of  the  shafts  on  the  second  l)each  have  l>een  sunk  to  bed  rock, 
as  the  pay  streak  usually  lies  on  a  false  bed  r<K?k  of  clay  or  sandy  clay  and 
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Pig.  H. — Sketch  map  showing  the  known  parts  of  the  second  and  third  beaches  (full 
lines)  at  Nome  and  their  hypothetical  continuations  (dashed  lines).  The  upper  line 
also  shows  approximately  the  area  of  the  Nome  tundra. 

grnvel.  There  are  few  datii,  then,  on  which  a  complete  jreneralized  soi'tion 
could  be  based,  but  it  appears  that,  though  coarse,  angular  material  is  by  no 
means  lacking,  it  is  not  as  abundant  as  on  the  third-beach  line.  Furthermore, 
the  quantity  of  garnet,  or  "ruby  sand,"  is  far  greater  on  the  second  b(»acli,  and 
the  proportion  of  other  sand  and  fine  gravel  is  also  greater.  This  is  probably 
accounted  for  by  the  fact  that  much  of  the  material  of  the  third  beach  has 
traveled  a  shorter  distance  from  its  source  and  has  been  less  subject  to  stream 
and  wave  grinding. 

In  the  third  beach,  then,  irresi>ective  of  any  greater  differences  which  may 
bave  occurred  In  the  meantime,  we  have  definite  proof  that  the  land  now  stands 
not  less  than  79  feet  higher  than  it  did  when  the  beach  fonned  the  coast  line. 
Further  evidence  of  elevation,  though  of  lesser  amount,  is  furnished  by  marine 
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shells  mken  from  various  j^hnfts  tM?t weeu  tlje  «w?ond  and  thlnl  iNMtclieiL  Burh 
she]  I  ft  In  nil  nlmoi^t  jierfe^^t  state  of  tn'c^s^t^rvatirta  are  found  tm  Center  Creek  aiid 
siig|ry»t  that  in  that  lix-ality  they  accumulated  In  ixmiparatlvely  Quiet  water. 
They  oeeur  hi  gravels  32  feet  I* low  the  stirfiice  and  at  fill  elevatUm  of  nlwut  :30 
feet  tiliove  Ben  level.  Nunienmjs  m  Mr  hie  Rhelln  from  Otter  Creek  were  ohtained 
at  ain>njximately  th<f  same  helj^lit  itUive  sea  hut  at  a  depth  i>f  5<>  feet  lielow  the 
fturftK^.     They  [ire  in  a  good  state  of  preservation. 

As  ti  rule  the  deposits*  of  the  l«aciies  and  of  tlie  tiindra  In  jretienU  are  fi-ozcn 
from  top  to  hottonj,  hnt  there  are  phM/ew  whei*e  thb  Iw  ni>t  the  vnm\  One  s?u(li 
areti  is  located  near  tiie  tnterseethm  of  tlie  tiiird  liear'h  nnd  lloboke  t*r€i?k  imd 
ha«  caused  dltUrully  hi  >vorkhig  t5ie  Bessie  Beiu^h  tTlalin  LKNuuse  of  the  large 
ainount  of  water  eireulathis  through  the  gra\eL  The  twunflriry  l>el\veen  the 
thawetl  and  frozen  (cmuuil  wm^  here  liK-ated  hy  drmhig,  and  eai^  was  taken  not 
to  hring  the  work  Injurs  tmi  vlose.  Thawml  j'rountl  Ik  in  s«ime  i)hu?es  overlain  liy 
froKi^n  gnjuiid  and  here  suid  there  U  undiM'lahi  hy  it  silw.  The  renwon  for  tbe 
preseni-e  of  nnfroaeii  areiiM  Ih  not  eiitirel>  nndcrslmid,  hut  tliey  are  prolaihty  dui^ 
iu  piiit  at  leaiit  to  the  elreiiiatJon  of  vvHter  through  tiie  graivel, 

*  «  *  «  *  «  1 

To  ihosi^  who  year  hy  year  huve  fallowed  tln>  tleveloianeiit  of  niinlng  iu  llu* 
i*eglon  adjacent  to  Nome  11  in  u  notl^^ahle  fuft  that  duriii^r  the  stn^nmir  of  l!M)(i 
I  he  atteniUMi  of  mhiing  men  wh»  iargely  giveii  to  ojieratln^  within  the  nr<*ii  <i£' 
tho  Xoine  tundra.  Thin  Is  a  <Hinditlon  wlihh  naiy  prolialily  <.^>ntiiine  for  mmfs 
yeurs,  until   the  gvid  of  tla*  heachus  lu^^'inw  to  fali  or  until  all  thij  jivalhihle 
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.:L,n(Mm<l  is  ojkmkmI  ui).  If.  in  .Mdditioii  to  tlie  operations  on  th(»  Inndrn.  tlioso  of 
(JlMricr  ('i-(H'k,  Anvil  Creek.  Mud  (Jrass  (iulcli  iwv  included,  all  the  most  important 
woi'kintrs  \\ill  have  Immmi  takiMi  into  .'iceonnt,  mItIiou^Ii  elsewhere  within  th<*  area 
sh(>wii  on  the  Nome  and  (Jran<l  Centi'al  mai)s  minor  operations  w(*re  eonduete<! 
on  a  few  scattered  streams,  ]>rohabl.v  the  most  extensive  hein;:  on  r»nster  ('re<'k. 

At  present  the  buried  beaches  of  the  Nome  tundra  orcupy  the  center  of  the 
minin.ir  staire.  and  the  effoi'ts  of  all  operators  have  been  ;:iv<Mi  to  the  (\\]>loita- 
tion  of  the  old  plac<M*s  or  the  search  for  lu^w.  Litigation  touchin.ir  tlie  ri;;hts  of 
prop(M-ly.  however,  has  seriously  obstructed  the  (le\eloi)ment  of  much  of  tlHMUost 
\aluable  ;.'ronn(l.  an<l  ma\-  be  ex]MH-ted  to  <'ontiinu»  to  do  so  as  loiiix  as  the  ])res(Mit 
methods  of  ac(|iiirin^'  and  holding:  minini;  proptn'ty  are  in  force. 

Mininir  is  <'arried  on  most  actively  just  now  alon^  the  two  ancient  shon»  lines 
whose  locations  and  princijial  featur(*s  have  alr(»ady  been  described,  but  there 
has  been  more  or  less  work  on  different  str(\ims.  such  as  Dry  and  P>ourl)on 
creeks,  and  extensive  drilling:  in  various  other  parts  of  the  tundra.  On  the 
lirst  or  jiresent  beach  jM'actically  all  work  was  suspended.  Alon^  the  se<'ond 
bea<-h  many  of  the  old  projKM'ties  were  worked  and  some*  very  jrcxxl  new  ixroiuid 
was  discovered  in  th«^  viciinty  of  Otter  ('re<M<.  The  third  beaeh  is  the  princijial 
producer  of  the  rei,non. 
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where.«  During  the  winter  of  1905-C  the  eastward  continuation  of  the  beach 
was  located  to  a  point  within  a  short  distance  of  Nome  River.  Between  Moon- 
light Creek  or  the  railroad  and  McDonald  Creek  it  is  traced  continuously.  To 
the  west  and  east  of  these  localities  it  is  not  definitely  known.  Remarkably 
rich  ground  was  exploited  near  little  Creek  and  between  Holyoke  and  Bourbon 
creeks,  and  nearly  all  the  claims  between  Little  and  Dry  creeks  have  shown 
good  values  in  gold.  East  of  Dry  Creek  less  work  has  been  done,  but  most  of 
the  shafts  have  struck  good  pay.  Nevertheless,  some  claims  or  parts  of  claims 
are  of  little  value  with  the  present  cost  of  mining,  for  while  the  beach  gravel 
deix)8its  are  continuous  the  pay  in  them  is  not  so.  There  are  intervals  along 
the  line  where  gold  is  present  in  small  amount  or  is  almost  lacking.  These 
places  are  sometimes  referred  to  as  "  blanks."  Further,  the  gold  is  not  evenly 
distributed  through  any  of  the  gravel.  The  writer  was  informed  that  in  the 
shallow  depressions  such  as  occur  at  intervals  along  the  beach  a  umch  greater 
concentration  of  gold  took  place  on  the  east  ends  [see  fig.  10],  and  that  in  one 
or  two  places  where  low  ridges  or  rolls  of  bed  rock  reached  the  surface  and 
projected  slightly  beyond  the  ancient  beach  exceptional  amounts  of  gold  were 
found  on  their  west  sides,  a  iK)sition  of  maxinmm  concentration  corresiwnding 
to  that  in  the  indentations  just  mentioned.  Tliis  would  indicate  that  the 
distribution  of  gold  in  the  gravels  was  largely  influenced  by  tlie  i)revailiiig 
direction  of  the  ocean  waves  and  currents.  It  is  probable  also  that  very  rich 
deposits,  such  as  occur  at  Little  Creek  and  Bessie  Bench,  are  due  to  their 
nearness  to  the  source  of  gold  or  to  streams  which  brought  it  to  the  sea.  The 
character  of  both  the  gold  and  the  gravel  accumulations  would  indicate  the  same 
thing.  On  the  western  part  of  the  beach  the  gold  is,  on  the  average,  much 
coarser  than  at  the  east  end,  where  it  resembles  in  ai>i)earance  and  approaches 
in  fineness  that  of  the  present  beach.  The  gravels  of  the  west  end  are  more 
variable  in  character  and  exhibit  a  larger  amount  of  coarse,  angular  stream 
wash  than  those  toward  the  east,  showing  that  the  conditions  under  .which  the 
western  gravels  accimiulateil  were  less  uniform — at  one  time  stream  deiwsits, 
at  another  sea  deposits,  being  laid  down. 

Some  ideas  concerning  the  eastward  and  westward  continuations  of  the  tliird 
beach  are  suggested  by  an  examination  of  the  toiK)graphic  map.  The  shore 
line  must  formerly  have  extended  from  the  hills  west  of  Cripple  River  to 
Cai)e  Nome,  and  if  one  nniy  judge  by  the  i)ortion  now  known  it  had  the  form 
of  a  broad  arc  of  fairly  uniform  curvature,  like  the  present  beach,  but  with 
smaller  radius.  It  is  the  belief  of  not  a  few  miners  at  Nome  that  the  third 
beach  did  not,  like  the  first  and  sec*ond  lK>aclies,  keep  to  the  seaward  of  CajK? 
Nome,  but  that  it  passed  to  the  north  through  the  broad,  l<nv  depression  between 
Saunders  Creek  and  Flambeau  River,  thus  forming  an  island  of  the  Cape  Nome 
granite  area.  The  elevation  of  the  depression  lK»tween  Cape  Nome  and  Army 
Peak  is  only  115  feet,  and  the  possibility  of  the  cape  being  an  island  at  the 
time  when  the  third  beach  was  formed  can  not  be  refuted  l)y  any  evidence  now 
at  hand,  although  it  appears  improbable.  Bed  rock  is  traced  northwestward 
from  Cape  Nome  for  a  distance  of  nearly  5  miles,  and  in  the  low  rounded  hill 
between  Hastings  and  Saunders  creeks  has  an  elevation  of  297  feet.  Between 
this  point  and  the  Army  Peak  schist  mass,  still  farther  to  the  northwest,  is  an 
interval  of  about  3  miles  across  a  broad,  low  saddle  where  no  rocks  are  exposed. 
As  stated,  the  elevation  of  this  flat  at  its  lowest  point  is  about  115  feet,  but 
the  depth  of  gravel  is  unknown.  If  it  has  a  thickness  of  40  or  50  feet  it  is 
possible  that  the  third  beach  passes   through.     It   seems   far  more  i>robable, 

•  Moffit,  F.  H.,  Gold  Mining  on  Seward  Peninsula :  Bull.  U.  S.  (Jeol.  Survey  No.  284, 
1006,  p.  134. 
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however,  tliat  tb#  cou trolling  influence  In  determining  the  rijii^t  Un*^  Uei^  was 
exercisetl  by  €'ape  Noun?,  since  It  imist  have  l>een  a  fautur  !d  directing  tlae 
ocean  current*  aud  consequtntly  tJie  actmoiulatlon  of  sands  and  gravel.  To  Judge 
from  present  conditions,  !t  appears  more  Itkely  tLiat  tbc  sea  would  have  baiJt 
a  coiiuectiug  bar  Lwtween  Caije  Nome  and  Army  I'eak  rather  than  wa»h  between 
theitu  At  any  rate,  the  force  of  the  wave^  due  tn  simtherly  and  southeasterly 
winds  would  have  Ihh^ii  greatly  diminished  through  the  lirotec^tion  ofTeiwI  by 
Ca|»e  Nome,  and  the  amount  of  (XHKeutnitioa  wf>uiU  have  been  therpl>y  decreasetl. 

Aiaither  kle«  which  Is  maintained  by  H*»me  and  may  load  pnmpe<?'tors  astray 
is  thnt  wh<Tever  bed  roc*k  vnu  \n-  round  at  an  t*levation  of  79  feet  aliove  sea 
lt*sel  the  third  beach  will  \h*  |)re>*ent.  The  fallary  of  thin  idea  In  itinuCiiUately 
aplMtivnt  wii<ni  It  Is  n-^incmlMTPd  tlait,  »o  far  nsi  known,  the  old  Ix^acbes^  were 
iiot  laid  down  on  n  Hcanly  BWi*i^!»  wdtiiewhat  nm^vea  ittrk  fliHir.  but  were  formed 
over  !i  surface  whow**  itvfHjmjIities  had  already  lK*en  red\t<'tHl  liy  a  tilllug  of 
IpTHvel  juul  Kitnd.  Tbi»  \n  wbown  by  lla^  fart  that  hi  man>  (ibitH^K  lla'y  do  nut 
n^t  <ni  Ih*iI  rrsk,  hut  an>  undpvSain  by  a  v  ariablr  thi*'kni'^«s  of  bM>si^  deiwsit^ 

Knrihor  I'videniv  of  n  siuiiewbat  m*^:aUve  i-bano'tcv  Ik  alTonIe<l  by  tht<  fai-t 
thai  iK-itlji-r  tlic  tliird  l>fach  nor  eitiicr  of  the  others  is  known  to  bavi^  formed 
r4'i*ntranj^  at  HUi'h  iitacf^'^  tin  their  iikterM.H'lionK  with  the  valleyrf  of  8uake  aud  '^M 
Nome  rivciu  Init  ratlier  thai  in  f-ach  placi'^  when*  the  river  vnlli^yw  iio  tvelow  tlie  ^^ 
l>t»aeheK  at  ^m'h  Inlerwei^tioris  the  iiearbes*  end  ahntptly,  for  the  pn*Kj.*ol  valley >s 
fbrouj^ii  the  Utiim*  defK>8lts  have  been  eut  slui^c  lin*  hear-hoN  were  formi'd. 

Another  fiiet  which  mufit  not  1h*  Umi  nijcht  of  la  ja'imjwN*tUiK  for  the  tliirtl  liiiirh  ] 
in  Ma'  [Hi^iHibility  nf  rci'ent  warping*     Wbm  furnu'dn  a-U'sirh  i^  at  sn-a  b»vel,  and  ^ 
if  rai^S4*d  aiiiroinnly  thrfuigboiit  itn  leii^tii  ail  jiartB  will  Mnitlnnr  to  have  like 
relalioiiH  to  the  Wfl-     Hut  eluiUKes*  uf  li*vel  ihi  n<»t  always  nor  even  nj^naiiy  takt* 
pUu^  in  u  uniform  manner  thronghtait  all  i)ortlouii  of  an  aifeeted  area.     Ona ' 
(lart  laay  hi*  niljited  or  ii>wcn*d  nwv^  thsui  another,  or  ma*  jiart  niriy  even  l>e 
raised  while  another  is  sinking.     It  does  not  follow,  theref<n'e,  that  b<M:*ause  one 
pohit  of  the  beach  has  an  elevation  of  71)  feet  all  other  parts  will  have  the  same 
elevation,  altliou;:li  in  a  small  area  surli  .is  this  it  is  i)r()l)able  that  they  will  not 
differ  greatly. 

Since,  liowever,  we  now  have  no  evidence  tiiat  warpinj;  of  any  conse(inence  lias 
taken  place,  and  since  so  far  as  we  know  it  tia^  third  l)each  does  maintain  a 
fairly  constnnt  level,  it  is  not  to  be  expected  that  it  will  i>e  found  in  any  locality 
whose  surfjice  elevation  is  less  than  Tr»  or  Sp  fe<'t  above  tide,  even  if  su<'ii  an 
area  lies  directly  l)etween  or  in  line  with  points  wheri»  it  is  l^nowii  to  ix'  present. 

S<ane  probabilities  concerning;  the  distribution  of  .ur<>l(l  in  tiu»  known  i»eaches 
or  in  others  whicli  may  l>e  found  are  gained  fnnn  a  consideration  of  its  distribn- 
linii  ill  the  ;ri'avcls  so  tar  exploited.  'I'he  richest  ixold-bearinjJT  jjcravels  mined  in 
the  .Nome  tuialra  have  been  found  in  that  portion  of  it  whi<-h  lies  betwtHMi  X«aiie 
.111(1  Snake  rivers.  This  corresponds  also  with  the  richest  i)art  of  the  tir.st  or 
]»resent  bcjich.  whos<»  j^reatest  vjilnes  were  taken  from  tlH»  neijrhborhood  of  tla^ 
month  <»f  Snake  River  ;in<l  from  sands  to  the  east  toward  the  mouth  of  Nome 
Kiver.  This  area  li<\s  directly  south  of  the  mineralized  area  fnan  which  it  is 
JK-iieved  that  the  ^'old  has  iieen  chietly  (U»rived.  and  it  is  the  locality  toward 
which  wt^ath<'red  material  from  the  near-by  hills  may  ja-operly  be  expected  to 
iiii;;rate.  sin<-e  it  lies  immediately  betweiai  them  and  the  sea.  'I'here  a!)pears. 
tJH'refore.  to  be  warrant  for  the  assumption  that  in  the  fut\n'(\  as  in  the  jj.Mst. 
liie  most  valuable  placers  will  be  found  within  the  limits  driven.  One  ai)i)arent 
excention  is  to  l)e  not<'(l  in  tlu*  old  i)each  i>lacers  of  llastintrs  Creek.     There  is  .i 
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Cape   Nome,   and  that   the  gravels   from   which   they  were  derived    may   not 
originally  have  carried  any  very  notable  amount  of  gold. 

mrOONOEHTSATSD  ORAVXL-FLAIK  PLACERS. 

Under  this  heading  will  be  described  a  number  of  localities  at  which 
gold  has  been  mined  from  deposits  not  directly  traceable  to  wave 
action  or  to  reconcentration  in  stream  beds.  Though  there  is  un- 
doubtedly some  gold  disseminated  throughout  the  gravels  of  the 
coastal  plain,  only  a  few  small  areas  have  been  prospected  and  mined 
and  the  extent  and  nature  of  the  workable  deposits  are  not  known. 

Mining  is  in  progress  in  a  locality  not  visited  by  members  of  the 
Geological  Survey,  on  the  east  side  of  Nome  River  about  2  miles  below 
Osborn  Creek.  A  ditch  4  or  5  miles  in  length  has  been  constructed 
from  Osborn  Creek  for  hydraulicking.  No  details  are  known,  but 
the  pay  streak  is  believed  to  belong  to  the  class  of  unconcent rated 
gravel-plain  deposits. 

It  is  reported  that  $2,000  was  taken  out  near  the  head  of  Peluk 
Creek  about  2  miles  from  the  coast  during  the  winter  of  1901-2, 
since  which  time  only  grul)stakes  liave  been  obtained.  The  pay 
gravel  consists  of  angular  schist  pebbles  and  clay  resting  on  a  clay 
seam  2  to  4  inches  thick.     Mr.  Iless  measured  the  following  section: 

>SVr//o;i   near  haul  of   lUluk   Crvvk. 

V\.  In. 

Gravel  and  clay _       _  1     r» 

Sandy  clay  and  muck  with  some  angular  gravel--   .V<; 

Angular  gravel  with  sonic  clay _  _         4 

Clay  seam __         '1    4 

Mining  was  by  shafts  and  drifting  without  timlx^rs.  The  gold  is 
coarse,  rough,  and  iron  stained,  and  the  largest  inigget  was  worth 
$1.25.  It  is  reported  that  15  prospect  holes,  sunk  with  an  8-inch 
chum  drill,  reached  gravel  at  6  to  10  feet  below  the  surface  and  bed 
rock  at  72  to  82  feet.  The  bed  rock  is  gray  mica  schist  and  has  a 
nearly  level  surface  about  30  feet  above  the  sea.  The  owners  of  the 
property  report  that  the  lower  40  feet  of  gravel  carry  from  $2  to  $8 
in  gold  per  cubic  yard,  which  appears  to  be  a  surprisingly  high  tenor. 

On  Holyoke  Creek,  a  small  tributary  of  Bourbon  Creek,  at  a  point 
about  3  miles  from  the  coast,  a  shaft  118  feet  deep  was  sunk,  in  which 
it  is  reported  that  a  layer  of  beach  sand  carrying  10  cents  to  the  pan 
in  fine  gold  and  containing  fragments  of  sea  shells  was  encountered. 

In  1903  a  company  attempted,  without  success,  to  mine  the  gravel 
plain  with  a  bucket  dredge  at  a  point  3  miles  from  Nome,  south  of 
Cooper  Gulch  and  half  a  mile  from  the  foothills.  The  mine  is  about 
100  feet  above  sea  level,  but  a  shaft  ()5  feet  deep  did  not  reach  bed 
rock.  The  deposit  from  the  surface  down  carries  some  gold,  but  the 
parts  that  have  been  mined  consist  of  small  pay  streaks  resting  upon 
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UyvTH  of  vUiy.  U  is  n*portP<l  tliat  tli*^  i-lay  layi^rs  luv  of  snoill  t^xtprjT 
Hiul  invgiilai'ly  flis(ril>nl<*il*  likn  tlu*  rhiy  s**nni^i  of  tht^  U'arh  placi^rs  i 
iletscTiUni  on  p«*i:i^s  I rj!i-  I5;i  Tljt*  pay  wtn*ak%  as  miiicHU  i*^  naid  tM  havw  ' 
nu'i-iinl  from  $±50  to  $il  pi^'  f'lihir  ynnl, 

III  im2  and  nH>;i  niniun-oiis  ilri]!  \wU^h  to  l)ed  rock  werp  sunk 
la^wK'n  Anvil  ami  Dry  oret^n,  Tlie  dopth  to  bed  nx'k  ran^:!*?^  fnati 
H\  to  120  fet*t,  and  altliougli  no  vvrli-inarktMl  stream  i-hannels  ^vere 
ItK^iUtMl,  liroad  dei)n^ssioiis  or  lioUows  wert*  found  under  swiuiv  of  the] 
pn*84?nt  streiim  channels*  aiul  nearly  every wlit*re  lltt*  ImhI  rtnk  vvjui] 
found  to  \w  siljovt^  «(*a  level*  The  metliod  of  prospfnnin^  ustni  wuii 
1o  sample  the  ^*avi*l  HyHteniatieally  by  taking  paiLs  eveiy  2  feet.  _ 
Thertc*  sanjplo^  were  panrjed  flown  atul  the  rr»neentrate,  etmsistinf  i^ 
mainly  of  1)1  uck  sand,  pirnet  .sand,  iind  Hue  ^jjold,  was  assayed.  It 
is  rhiimed  that  a  large  area*  iH»lieved  t(*  lie  a  king  an  aneient  l>eaeh 
line,  was  loealed,  in  whirh  tfie  whole  rlej>osit  from  the  surface 
down  to  heti  rtjck  contained  enough  gold  U*  pay  if  an  eeoiioitiie  plati 
of  working  on  a  large  scale  eould  Im^  devist^k 

From  of  lie  I'  reliable  SHUireen  the  exihtenee  of  an  ext<*tisive  IkmIy 
of  rather  low  gra<le  anrifeiouH  gravel  near  the  f*j«>l  of  the  liills 
south  of  Anvil  and  Newl(m  peaks  is  reportiMl  at  an  avi^nig**  ek*va- 
tion  of  abfaU  WO  feel  above  the*  sea.  In  the  prartieal  working  of 
Mieb  deposits  some  mHtjUe  pit 4)1  ems  \in\  piisst'tited  to  the  miiung^l 
engineer  on  aeeonnt  of  their  great  tbieknej^s.  frozen  eharat-ter,  and^ 
f  *nnr  dm  Mini^<\  Our  phoi  prn|>nsi*>  to  pl;ir^'  n  b\  rifc  dr^'il^ri^of  nmisn- 
ally  strong  construction  on  Snake  Uiver,  and,  after  testing  the  river 
bars  and  the  deposits  in  the  river  bed,  to  dig  out  a  channel  into 
oi-iginal  gravels  under  the  tundra.  It  will  i)e  necessary  to  niak(» 
llie  dredge  sti'ong  enough  to  excaxate  the  frozen  ground.  A  dredge 
was  l)uilt  on  Snake  Kiver  ,in  liH)4,  l)Ut  the  results  obtained  are  not 
yet  known.  Frozen  gi'ound,  howexcr,  will  yiidd  to  hydi-aidic  ]>ro- 
cesses.  and.  if  dredging  should  fail,  some  coinl)iuatiou  of  the 
hydi-aulic  giant  and  (h'edge  or  hydraulic  elevatoi*  may  ultimately 
l)e  de\  ised.  which  will  render  these  deposits  productive.  An  ample 
snpi)ly  of  watei*  with  sullicient  head  can  be  obtained  from  Nome 
River" 

RECONCENTRATED  GRAVEL-PLAIN  PLACERS. 


Xeai'Iy  all  the  strcMims  which  have  trenched  tlieir  bods  across  the 
coastal  plain  contain  some  gold  deri\'e(l  from  the  original  deposits 
hy  reconcentration.  On  the  smaller  streams,  which  Yio  wholly 
within  the  coastal  i)lain,  all  the  placeis  are  obviously  of  this  origin. 
whei'cju-  the  larger  >(ream-<.  which  I'isc*  in  the  upland  region,  nuiy 
contain    ufold    derived    direct Iv    from    the    bed    rock.     Bourbon    and 
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tration  from  the  coastal-plain  gravels.  The  amount  of  concen- 
trated gold  which  their  beds  contain,  when  compared  with  the 
cubical  dimensions  of  their  channels,  affords  a  basis  for  estimating 
the  amount  of  gold  contained  in  portions  of  the  gravel  plain. 

A  small  amount  of  gold  has  been  mined  about  4  miles  from  the 
coast  on  Hastings  Creek.  The  locality,  which  is  comparatively 
unimportant,  was  not  visited  and  the  details  regarding  the  occur- 
rence of  the  gold  are  not  known,  but  the  reports  indicate  that  it  is 
of  reconcentrated  type. 

Bourbon  Creek,  whose  valley  lies  within  the  coastal  plain,  is  about 
3  miles  long  and  joins  Dry  Creek  near  Nome.  It  carries  from  20  to 
100  miner's  inches  of  water.  Two  miles  above  its  mouth  it  forks, 
the  west  fork  being  called  Holyoke  Creek.  Its  trench  probably  will 
average  15  feet  deep  and  500  feet  wide.  Mining  began  on  Bourbon 
Creek  in  1900,  and  small  amounts  of  gold  have  been  taken  out  along 
nearly  the  entire  length  of  the  creek.«  Its  output  during  1900  has 
been  estimated  at  $5,000;  in  1903  the  output  of  Bourbon  Creek 
and  its  tributary,  Holyoke  Creek,  Avas  probably  not  far  from  $40,000. 
The  total  output  up  to  1903  was  probably  aboiit  $100,000. 

Near  the  head  of  the  creek  two  sections  of  the  gold-bearing  deposit 
at' points  half  a  mile  apart  have  been  noted.  One  about  a  mile  from 
the  head  is  as  follows : 

Section  J  wile  helotr  head  of  Bourbon  Creek. 

Feet. 

Moss  and  muck 2 

Rock  and  blue  clay 6 

Gravel 1 

Blue    clay l 

Schist  gravel,  pay  streak 1 

Clay  (of  unknown  thickness). 

About  half  a  mile  from  the  head  of  the  creek  another  section  was 
measured,  as  follows: 

Section  one-half  mile  below  head  of  Bourbon  Creek. 

Feet. 

Blue  and  red  clay '- 4 

Gravel,  the  pay  streak 2 

?  Sand  (of  unknown  thickness). 

On  a  claim  near  the  head  of  the  east  branch  a  dump  containing  25 
cubic  yards  of  gravel  mined  in  the  winter  of  1901-2  yielded  $300,  or 
$12  per  cubic  yard.  On  a  claim  about  one-fourth  mile  farther  down 
the  creek  a  pay  streak  10  or  12  feet  wide  and  5  feet  thick 
has    been    sluiced,    yielding  about  $4  to    the    cubic    yard.      These 

•  Brooks,  A.  H.,  Richardson,  G.  B.,  and  Collier,  A.  .T.,  Reconnaissance's  in  the  Cape 
Nome  and  Norton  Bay  regions,  Alaska,  in  1900,  a  special  publication  of  the  U.  S. 
Geol.  Survey,  1901,  pp.  69,  83-84. 
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tigiireB   show   that    somi^    of    the   gravels   of    Bourhoii    Creole  nr^ 
rirh    enough    to    work    by    shoveling    into    sluice  boxes.     Owing 
to    the    low    giadient    and    small    flow    of    water,    however,    ma^^ 

chinery  is  required  to  work  the  deposits  at  a  profit.  In  1903  three" 
bucket  dredges,  each  with  an  estimated  capacity  of  250  yards  in  ten 
hours,  were  installed*  These  machines  were  not  successfully  operated 
because  they  were  too  small  and  light.  Late  in  the  fall  of  190B  one 
of  these  dredges  was  placed  near  the  mouth  of  the  creek,  where  it  was^ 
successfully  used  for  removing  the  tailings  from  a  small  hydraulick^ 
ing  plant. 

Saturday  Creek  is  the  name  given  to  the  iipi>er  part  of  Cent* 
Creek,  which  flows  into  Snake  Biver  about  a  mUe  above  Nome,  and 
Wonder  Ci'eek  is  the  middle  part  of  the  same  stream.  This  divei'sity 
oi  uamcK  is  due  to  the  fact  that  under  the  local  rule^,  established  by^ 
the  prosiTectoi's^  one  claim  only  was  allowed  to  each  man  on  a  creek 
This  nde  was  often  circumvented  by  chHhging  the  name  of  a  creek  ai; 
each  tributary  and  loc^ating  a  claim  with  each  change  of  name-  Only! 
a  small  amount  of  work  lias  lieen  done  on  iSaturday  Creek  since  llWi, 
and  it  was  not  reexamined  in  llK);i  In  1900  one  ehiim  was  U*iug  oper- 
ated. The  sec*tion  showed  2  or  l^  feet  of  muck,  below^  which  was  S  fe^t^ 
of  schist  gravel  tx>ntaining  tlie  gold.  This  was  generally  bright  yel-^ 
low,  though  souie  w^as  dark,  and  all  was  rather  coai'se.  The  largest 
nugget  foimd  hem  was  worth  $14*50.  Nuggets  worth  from  25  cents 
tci  ti  few  dollars  were  comtnon.  Some  of  the  gold  was  smooth  and 
some  rough.  Quartz  was  attached  to  much  of  the  gold.  The  concen- 
t rates  consist  of  magnetite  and  garnets,  with  some  scheelite. 

Dry  Creek  and  Newton  (lulcli,  where  they  are  intrenched  acros-; 
the  gravel  plain,  reseml)li^  the  streams  just  described,  l)ut  as  their 
headwaters  are  in  the  upland  it  is  evident  that  their  gravels  may 
carry  gold  brought  directly  from  the  bed  rock.  It  is  probable,  how- 
ever, that  most  of  their  placer  gold  has  been  reconcent rated  from  the 
gravel  plain. 

Newton  Gulch,  an  eastern  branch  of  Dry  Creek,  3  miles  from  the 
coast,  is  about  H  miles  long  and  carries  less  than  a  sluice  head  of 
water  during  the  sununer  months.  Its  source  is  on  the  south  slope 
of  Newton  Peak,  but  it  flows  across  an  elevated  portion  of  the  gravel 
plain  through  most  of  its  length.  Considerable  gold  is  reported  to 
have  been  taken  out  of  the  creidv,  but  it  ai)pears  that  the  rich  gravels 
were  of  no  great  extent  and  that  those  which  could  be  worked  at  tv 
|)r()Ht  by  primitive  methods  have  been  exhausted. 

A   section  exposed   on   Newton   Gulch   just   above   I^ft    Fork    is  :^  r-; 
follows: 
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Heetion  on  Newton  0-ulch  above  Left  Fork. 

Ft.  In. 

Sandy    clay _  :\    r> 

Schist  gravel,  somewhat  cro«8-beciclecl 6 

Sand  2    6 

Gravel 7 

Sand  and  gravel 3 

Pay  streak,  consisting  of  schist  ijravol 3 

Clay  (thickness  not  known). 

Dry  Creek  heads  between  Anvil  and  Newton  Peaks  and  flows 
southward  about  6  miles  to  Snake  River.  Its  upper  2  miles  lie 
within  a  narrow  valley  cut  in  schists  and  limestones,  but  below  it 
flows  in  a  shallow  trench  across  the  coastal  plain.  At  its  mouth  it 
carries  from  50  to  150  miner's  inches  of  water.  Mining  in  the  recon- 
centrated  placers  of  Dry  Creek  began  in  1900,«  and  the  reported  pro- 
duction for  that  year  was  $2,500.  In  1908  the  creek  bed  was  mined 
at  several  places  within  a  few  miles  of  the  foothills,  but  the  whole 
production  did  not  exceed  a  few  thousand  dollars.  The  gold  is  light 
colored  and  of  varying  coarseness,  and  nuggets  $1  in  value  are  the 
largest  reported.  The  concentrates  in  the  sluice  boxes  consist  of 
much  black  sand  and  considerable  scheelite. 

The  following  section  was  measured  on  Dry  Creek  about  1^  miles 

from  the  foothills,  an  eighth  of  a  mile  alK)ve  tlie  mouth  of  Newton 

Gulch: 

Hection  on  Dry  Vrcck  above  \eivton  Oulch. 

Feet. 
Moss  and  muck 3 

Sandy   clay 3 

Gravel  conii)osed  of  mica  schist,  limestone,  etc.  ( the  pay  streak )  _       8 
Clay  (thickness  unknown). 

The  depth  to  bed  rock  at  this  plac»e  is  not  known.  At  other  places 
the  gravels  are  worked  to  a  somewhat  less  depth.  A  prospect  hole  1 
mile  from  the  hills  has  a  depth  of  92  feet,  but  does  not  reach  bed  rock. 
Three- fourths  of  a  mile  above  the  mouth  of  Newton  Gulch  a  steam 
shovel  has  been  used,  but  most  of  the  mining  has  been  done  by  drift- 
ing in  the  winter.  Near  the  point  where  the  valley  of  Dry  Creek  de- 
bouches on  the  coastal  plain  there  is  a  series  of  productive  bench  claims 
situated  along  the  course  of  an  old  channel  on  the  east  side  of  the 
creek.  These  are  described  in  connection  with  the  creek  and  bench 
placers  of  the  upland  region  (p.  185). 

Anvil  Creek,  which  in  its  valley  portions  is  one  of  the  richest  in 
Seward  Peninsula,  flows  across  the  coastal  plain  for  about  2  miles 
before  it  joins  Snake  River.  In  this  distance  little  mining  has  been 
done,  but  in  view  of  the  rich  placers  found  above  (see  p.  186)  there 

•  Brooks,  A.  H.,  Richardson,  G.  B.,  and  Collier,  A.  .T.,  Keconnalsances  In  the  Cape 
Nome  and  Norton  Bay  regions,  Alaska,  in  1906,  a  special  publication  of  the  U.  S.  6eol. 
Surrey,  1901,  pp.  09-82. 
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k  ^ofn\  reason  to  pxper^t  workalile  ilepositfi  of  fino  gold  in  this  part 
of  its  valley.  Ah  in  all  the  stremiis  of  the  tuiuini  belt,  its  l^ed  rock  is 
deeply  buried  and  it  can  not  lie  uiined  profitably  by  the  simple 
methods  employed  in  the  creek  and  l)eiieh  placers. 

Nome  and  Snake  river^i  c^irry  large  volumes  of  water  and  floi^' 
aerofvs  tlie  gravel  plain  in  broad  trenchers,  Tlieir  placers,  which  are 
of  the  river-bar  type,  have  probably  been  derived  as  much  from  the 
nphind  as  from  the  plains  gravels. 

Nome  River  is  trenche<]  across  the  coastal  plain  for  about  5  rtiiks. 
No  attempts  have  been  made  to  work  tlie  hai"s  or  river  l>ed  on  a  coia- 
niercial  scale.  Should  the  dredging  plants  recently  installed  on  other 
rivers  of  the  peninsula  prove  snccessfuK  tlie  l?ed  of  Nome  River  will 
doubtless  soon  remve  attention* 

Tlie  lower  Tt  or  7  miles  of  the  Snake  River  Valley  is  intrenched 
in  (be  e<>asttil  plain,  and  it  hei*e  rowives  as  tributaries  Dry,  Center, 
Anvil,  and  (r lacier  creeks,  tbe  graved  of  all  of  which  have  yielded 
plat*cr  gobh"  Snake  River  has  also  many  productive  tributarie>^  uoHh 
of  the  coastal  plain.  A  small  dn^d^c  was  t^peralcd  on  Snake  River 
near  it8  month  as  early  as  IfJOfl,  but  it  was  a  primitive  affair  and  the 
work  was  soon  abandoned.  A  larger  nnd  strongiT  dredge  was  placed 
on  tlie  river  in  llKi4,  but  the  results  olitained  with  it  were  not  leartuMl. 
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— -    -    BAS,  (  UKEK,  ANU  BENCH  TLAi  EKS  OF*  THE  VWlJ^Kp* 

The  greater  part  of  the  Nome  region,  as  here  defined,  lies  north  of 
the  coastal  plain  and  comprises  uplands  from  800  to  1,800  feet  in 
height,   bounded   on   the   north   by   the   Kigluaik   Mountains,   which 
reach  elevations  from  ^^,000  to  4,700  feet.     Many  of  the  lower  hills 
arc  flattened  on  toj),  suggesting  a  dissected  plateau,  and  their  sides 
are  benched  at  various  levels.     Near  the  seaward  margin  of  the  up- 
land aie  systems  of  broad  terraces  about  500  feet  in  height,  deeply 
buried  in  gi'avel,  and  these  contain  the  high-bench  placers  described 
elsewhere.     The  upland  is  dissected  by  the  valleys  of  Nome  and  Snake  ^ 
rivers  and  their  many  tributaries,  and  in  these  valleys  lie  the  creek  - 
and  low-bench  placers  described  in  the  present  section.     Below  the-* 
extensive  high  gravel-covered  bench  or  plateau  already  mentioned  tho^ 
walls  of  the  valleys  show  many  minor  benches,  some  of  which  an*= 
stream  terraces  and  others  products  of  diti'erential  ^veathering  of  th^ 
bed  rock  and  of  local  creeping  or  sliding  movements  of  the  soil. 

NOME  RIVER  BASIN. 

Iiifrodiicf'to}!. — Nome  River  has  a  broad  valley  for  20  miles  abovcr* 
the  coastal  plain,  in  most   |)laces  with  one  or  two  terraces  not  ovei* 
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pocket.)  The  floor  of  the  valley  is  deeply  gravel  filled,  and  in  some 
places  the  gravels  rise  in  bluffs  from  20  to  50  feet  above  the  present 
flood  plain.  The  flood  plain  ranges  from  100  feet  to  a  mile  in  width 
and  at  its  lower  end  merges  with  the  coastal  plain.  For  14  miles 
the  gradient  is  about  10  feet  to  the  mile  and  for  10  miles  above  this 
it  is  about  50  feet  to  the  mile ;  the  upper  5  or  6  miles  are  torrential. 

Colors  of  gold  have  been  found  on  the  river  bars  for  20  miles  from 
the  mouth  and  are  reported  from  prospect  holes  in  the  flood  plains 
10  or  12  miles  from  the  coast,  but  as  yet  no  attempts  to  extract  the 
gold  have  been  successful.  Placers  have  been  worked  on  many  of 
the  tributaries  from  both  sides.  The  placers  of  the  tributaries  from 
the  east,  which  are  first  described,  are  of  less  importance  than  those 
on  the  west,  which  include  some  of  the  richest  diggings  on  the 
peninsula. 

Oahom  Creek. — Osborn  Creek,  the  first  large  tributary  of  Nome 
River  from  the  east,  occupies  a  rather  broad  valley,  the  upper  j)iirt 
of  which  is  cut  in  siliceous  chlorite  schists  and  limestones  of  the 
Nome  group.  The  mountain  north  of  the  mouth  of  Osborn  Creek 
is  composed  almost  entirely  of  greenstone,  great  blocks  of  which 
have  rolled  into  the  creek,  forming  bowlders  of  all  sizes  up  to  10 
feet  in  diameter.  The  gravels  also  contain  many  pebbles  and  bowl- 
ders of  granite,  which  have  probably  been  transported  southward 
from  the  Kigluaik  Mountains.  (See  pp.  94—99.)  Similar  granite 
bowlders  ar^  found  up  to  an  elevation  of  800  feet  on  the  mountain 
west  of  the  creek.  Although  gold  was  discovered  on  this  creek  as 
early  as  1900,  very  little  development  work  has  been  done.  It  is 
reported  that  during  the  season  of  1903  about  40  men  worked  on  the 
creek.  The  workings  are  scattered  along  the  creek  for  about  1^ 
miles  above  a  point  5  miles  from  the  mouth. 

Along  the  right  bank  of  the  creek  there  is  a  gravel  bench  from  8 
to  20  feet  high,  which  is  probably  a  remnant  of  a  more  extensive 
deposit  filling  the  valley.  This  bench  had  not  been  prospected  in 
1903.  The  gravel  deposits  of  the  creek  bed  average  about  100  feet 
in  width  and  have  been  excavated  to  a  depth  of  5  or  6  feet,  where  a 
clay  seam  forms  a  false  bed  rock;  the  real  bed  rock  has  not  been 
reached.  The  gravels  are  rather  coarse,  pebbles  3  or  4  inches  in 
diameter  being  common.  Some  gold  is  found  from  the  surface  down, 
but  the  richest  pay  lies  just  above  the  false  bed  rock.  The  gold  is 
coarse,  bright,  and  most  of  it  well  rounded,  though  some  of  the 
pieces  are  angular.  A  considerable  portion  is  in  nuggets  worth  from 
$1  to  $20.  When  sluicing  was  in  progress,  a  daily  yield  of  $10  to  $18 
to  the  shovel  was  claimed,  which,  if  true,  would  require  an  average 
gold  content  of  $2.50  to  $4.50  a  cubic  yard.  Apparently  there  are  on 
Osborn  Creek  extensive  deposits  of  gravel  containing  low  values, 
which  can  barely  be  worked  at  a  profit  by  the  primitive  methods  now 
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itj  use.  It  is  estlmaUHl  tlial  t^OCXl  rintu*r'!^  inchei^  uf  water  ean  Iw* 
lirouglit  from  Ni.»w  Eltlonulo  Oivt^k  suul  liit*  heiul  ut'  O^^lxjni  Cret'k 
to  tht^se  cliggingH,  with  a  heatl  of  KM)  fo(*t,  for  svliicJi  ti  niileB  of  ilitdi 
wniiUl  be  required.  Should  such  a  ditch  Ik^  construeted,  a  large  part 
of  the  gravels  of  the  lower  creek  cim  jjrohwbly  Ik>  worked  at  a  pn»fiL 
but  thorough  proj^pcetiiig  of  the  ground  to  detf'rnniie  the  gold  letior 
should  precede  any  extensive  ditch  buihliug. 

Bmter  Creek.^-Bvisinr  Crt*k,  ti  tributary  of  Nome  River  from  the 
east  about  7  mile*i  froui  the  coast,  is  about  4  miles  long.  lu  tlit^ 
upper  ;3  miles  of  its  course  it  flows  through  a  narrow  V-shaped  tan- 
yon;  Mo^v  it  is  trenched  across  the  floor  of  Nome  River  Vnlley, 
About  li  miles  from  its  mouth  tlie  creek  forkii,  the  northern  fork 
being  called  Lillian  Creek- 
Mi  uiiig  has  lH*en  in  progress  here  since  189S>,  The  mioe^;  are  easily 
I'euciied,  as  the  wngun  road  from  Nome  to  Venetiu  and  Iron  rret^ks 
follows  up  Buster  C*reek  from  Nome  River.  The  freight  rate  from 
Ntane  does  not  exceed  13  or  4  cents  pei*  }Kiund. 

The  lied  rocks  are  calcareous  and  <*hloritic  schistic  and  limestonas  of 
the   Nome  gi^oiip.     No    intrusive   grwnstones  have   \w^u    found    in 
place  in  the  creek  valley*  though  |>ebl)Ies  of  such  rock,  which  pn>haljly 
cume  from  the  greenstone  on  the  south  side  l^f  the  creek,  oceiir  in  thr 
gi:^vels.     Tlie  gravels  ai*e  fix)m  2  to  3  feet  thick  and  contain  j>ebUk*.^ 
of  schist,  (juartx,  greenstone,  and  some  granite.     Some  claims  oit 
this  rirek  iniidi'  good  rr turns  in  1H90  nnd  agnin  in  IIHK).     Mncli  of  thf 
gold  extracted  was  coarse,  and  the  largest  nugget  found  was  worth 
$18.     The  assay  value  of  the  gold  is  said  to  be  $18.00  to  the  ounce. 
In  IDO')  some  of  the  operations  included  a  reworking  of  the  gravels- 
that    had   been   sluiced   in   11)00;  others  were   in   virgin  ground.     In 
tlie  enilier  operations  the  bed  rock,  some  of  it  carrying  the  richest 
pay.  was  not  cleaned  up,  so  that  it  has  been  found  profitable  to  strips- 
the  old  tailings  and  to  take  out  the  bed  rock  to  a  depth  of  1  to  '2  feet.- 
About  2  miles  from  the  mouth  of  the  creek  some  undisturbed  ground 
was  to  l)e  seen  in  a  gravel  deposit  al)out  100  feet  wide  and  8i  feeti 
thick,  in  which  the  richest  ])ay  was  on  the  bed  rock  and  not  in  it. 
(litcli  half  a  mile  long  raised  the  water  about  30  feet  above  the  creeli 
bed,  and  a  hydraulic  a|)paratus,  consisting  of  a  canvas  hose  and  sheet- 
iron  nozzle,  throwing  a  4-inch  stream  was  used.     The  tailings  wer(=^ 
removed  by  a  team  of  horses  and  scraper.     The  plant  required  three 
men  to  operate  it  and  handled  about  100  cubic  yards  per  day  of  t(M"^ 
hoiir^. 

The   bed   rock   and   gi'jivel    of    Li II In n    Cn^ek.   whirh   joins    Busii'i" 
("reck  1  mile  frtan  its  mouth,  ;iT'e  similar  \u  thosi^  of  lousier  Creek. 
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and  the  output  probably  little  more  than  paid  wages.  Some  of  the 
gold  is  so  coated  with  iron  oxide  that  the  nuggets  might  easily  be 
mistaken  for  small  pebbles  of  hematite.  About  a  mile  from  the 
mouth  the  pay  was  said  to  be  evenly  distributed  through  the  gravel, 
which  was  here  3  to  4  feet  thick,  and  the  output  was  from  $12  to  $13 
per  man  shoveling  in. 

Union  Guloh,  not  over  a  mile  long,  joins  Buster  Creek  from  the 
north  about  a  mile  above  Lillian  Creek.  Its  bed  rock  is  a  gray  schist 
broken  up  by  many  small  faults.  The  gravel  deposit  is  from  10  to  20 
feet  wide  and  about  30  inches  thick  and  has  been  estimated  to  carry 
from  $3  to  $4  a  cubic  yard.  The  values  are  nearly  all  on  bed  rock. 
The  gold  is  coarse  and  rusty,  and  the  largest  nugget  foimd  was 
ivorth  $16. 

Gold-bearing  gravels  have  been  discovered  in  a  bench  100  feet  above 
he  creek  bed  on  the  south  side  of  Buster  Creek,  about  2  miles  from 
ts  mouth.  This  bench  has  been  traced  for  about  700  feet  and  is 
crescent  shaped,  with  the  ends  pointing  toward  the  present  creek 
>ed.    A  section  of  this  deposit  from  the  surface  down  is  as  follows : 

Section  of  bench  2  miles  above  mouth  of  Buster  Creek. 

Feet. 

Muck  and  sHde  rock -     -    18 

"Low-grade  pay  gravel'V  10 

Glacial  mud  (probably  frozen  slide  deposit) 10 

"  High-grade  pay  gravel" ^.      3 

Iron-stained  schist  bed  rock. 

The  width  of  the  upper  pay  streak  is  reported  as  140  feet,  and  of 
the  lower  pay  streak  25  feet.  The  lower  pay  streak  is  inclosed  by 
ivell-defined  bed-rock  rims,  and  pay  is  found  in  the  decomposed  schist 
to  a  depth  of  18  inches.  At  the  west  end  of  the  deposit  the  rim  on 
the  creek  side  is  wanting,  and  the  gold-bearing  gravels  are  spread 
3ver  the  hillside  below  the  old  channel,  probably  by  local  sliding. 
k.  section  here,  probably  in  the  end  of  the  old  channel,  shows  18  feet 
>f  ill-assorted  gravel  and  muck,  containing  many  bowlders  of  gneiss, 
^anite,  and  greenstone,  but  a  few  feet  down  the  hill  the  deposit  is 
not  more  than  4  or  5  feet  thick.  Pans  are  said  to  average  from  10  to 
18  cents,  and  from  a  pit  75  by  30  feet  and  18  feet  deep  $4,000  is  said 
to  have  been  taken.  The  gold  resembles  that  of  Buster  Creek,  and  is 
reported  to  assay  $18.97  to  the  ounce.  It  is  coarse,  but  has  few  nug- 
gets of  any  considerable  size,  and  is  mostly  well  worn,  though  some 
is  rough.  About  half  a  mile  east  of  this  place  a  smaller  deposit  at 
approximately  the  same  elevation  is  cut  by  Grace  Gulch,  a  small 
tributary  of  Buster  Creek.  This  was  worked  in  the  winter  of  1902-3, 
yielding  about  60  ounces  of  gold  similar  to  that  of  Buster  Creek. 
The  working  of  these*  benches  is  difficult  on  account  of  the  small 
water  supply.    A  ditch  along  the  hillside  from  Grace  Gulch  brings 
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to  the  first -described  locality  nbout  50  miner 's  inches  of  water,  whieh 
is  niostly  seepagt*  from  the  hillside  above  the  ditch. 

From  the  above  facts  it  st*c*iiLs  evident  that  this  deposit  was  formed 
in  an  old  channel  of  Buster  Creek,  After  the  lower  and  older  pay 
was  formed  the  channel  was  partly  filled  with  material  sliding  in  h^om 
the  hillsides  and  raising  the  ci'et*k  bed.  In  the  higher  l)ed  thus  foriried 
the  thicker  and  wider  upper  pay  streak  was  deposited*  The  crwk 
then  deserted  this  channel,  which  was  afterwards  covered  by  slides 
from  the  hills  alwne*  These  slides  at  tlie  upper  and  lower  ends  of 
the  deserted  channel  have  continued  and  either  carried  the  gold- 
l*earing  gi'avel  down  to  Buster  Creek  or  scattered  it  in  the  form  of  n 
hillside  placer, 

Dewey  If  reek, — ^  Dewey  Ctxwk  i^  n  small  eastern  tributary  of  Nome 
Kiver  alMint  11  miles  from  the  coast.  During  the  summer  of  li)03 
very  little  mining  was  diHic  on  tht*  creek,  and  it  was  not  visited  by 
members  of  the  Geological  Survey*  The  following  desicriptiou  i^j 
quoted  from  BrtKik^H;" 

This  »^tt'eum  rine^  )n  the  Uniefitoiip  hills  i\  mile  An*]  a  iuilT  north  of  thr^  heiul 
of  JJUhiij  Cr«*ek  and  Howk  kito  Ncinie  Rher  abtnit  4  tuilw  alKJve  Buster  t*reek. 
At  U«  liefid  DeMc\v  t'reeli  hjis*  L-ut  a  jjorire,  fnjm  wjjleh  It  enifrgif'S!  to  flow  throngh  .^ 
the  iifravels  iidjaceat  to   Xinnt*   It  her.     Sojne  gttlil   Ijsik  ln*eu   tukon   from   ttiiu^i- 
erefkn  lint  ntit  very  nnu'lL     A  I'lalm  nt  na  ek^vatlon  of  :J*iO  fwt  hus  inTHuH^lj — : 
ji'ieUlt'^1  tlje  jno«L    The  wcH^tion  ta  tlH*  crt^t^k  heil.  to  \vhtr!i  work  luis  Itc^^u  n>u — - 
ftacHl^  \h  1  U»it  nni(."k.  1  foot  siiruly  hine  cliiy,  :\  fi'pt  ^nnvL  ivith  in^tlhU+w  iif  srhist- 
(lunrtz.  irroeMistone,  limestone,  and  jicninlte.     The  jrravel  carries  gold.     Below  i;— ^ 
a  f.Mlso  IkmI  roek  of  sandy  clay.    The  gold  is  rather  light  in  weight,  the  larges^^ 
l>iece  iM'ing  worth  only  a  dollar.     Considerahle  scheelite  and  garnet  are  nsstHJ 
ated  with  the  gold,  and  not  much  magnetite.     It  has  heen  reported  that  a  natnni 
ani;»ljr;nn  occurs  in  the  gravels  of  Dewey  Creek,  hut  it  was  not   found   by  us-==- 
oor  (lid   we  tind  any  cinnahar.     Colors  have  been  found  in  the  high  grav(»ls-5=- 
which  run  ui>  to  S(M)  feet  in  the  neighborhood. 

Bash)  Creek, — l)asin  Creek,  an  eastern  tributary  of  Nome  Kivei^^ 
V'\  inik's  from  the  coast,  is  about  '^>  niikvs  lonef  and  flows  westsvanl    J 
On  the  east  si(K'  of  the  valh'V  of  Nome  Kiver  at  this  point  the  hill^-^ 
rise  to  an  elevation  of  1,4(K)  to  1,775  feet  above  the  sea.     Basin  Creel— J 
tlirontrh  tlie  ii])|)er  'J  niih's  of  its  course  occupies  a  doej)  vaUev  in  theses 
monntains:  in  its  k)wer  half  mile  it  flows  across  the  broad  valley  o' 
Nome  Kiver.     At  the  ed^e  of  this  valley  the  creek  flow^s  in  a  sharpl^^"* 
cut  ^or^^e  foi'  h;i]f  a  mile,  but  above  tl\e  ^or^re  the  creek  valley  wivlen     ^ 
somewhnt,  mulcin^'^  a  sort  (jf  liasin,  frfim   which  it  takes  its  nanit"^* 
Early  in  dmie,  lliO:^,  the  volmne  of  tlie  stream  was  prolnddy  hot  fa/' 
from  50(1  HiinerV  inches.     The  irradient   is  eoiiij>anUively  higlu  cx- 
eeecliM;Lr  !<*<>  feet  t<i  the  mile.     (J old  was  discovered  and  some  ininin^^ 
ilone  on  this  creek  as  early  as  1!M)().     The  mnnunt  of  gold 
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$30,000.  In  June,  1903,  a  great  many  loads  of  freight,  consisting  of 
pipes  for  hydraulic  work,  were  being  hauled  to  Basin  Creek  over  a 
road  which  follows  the  gravel  bars  of  Glacier  Creek  nearly  to  its 
head,  then  crosses  Banner  Creek  and  Nome  River  and  follows  the  bed 
of  Basin  Creek  up  to  the  camps. 

In  the  bed  rock  of  Basin  Creek  limestone  predominates  and  is  inter- 
bedded  with  some  calcareous  and  chloritic  schist.  The  strike  is  gen- 
erally north  and  south  and  the  dip  to  the  east  at  an  average  angle  of 
about  20°.  These  rocks  certainly  belong  to  the  Nome  group,  and 
it  is  believed  that  the  limestones  may  be  correlated  with  the  Port 
Clarence,  and  they  are  so  represented  on  the  geologic  map.  The 
gravels  consist  mainly  of  limestone  and  calcareous-schist  pebbles, 
with  a  few  pebbles  of  gi'eenstone.  An  average  section  of  the  gi'avel 
where  it  has  been  exposed  by  mining  operations  is  as  follows : 

tScction  on  Baa  in  Crrek. 

Feet. 

Soil ._    ...      2 

Rouiulecl  creek  KfJivel .*{ 

Coarse  uiigiilar  material  ami  clay  (pny  streak) __    .       V2 

Bed  rock  contuiniug  gold  in  crevices i-U 

111  the  pay  streak  over  30  per  cent  of  the  pebbles  are  more  than  10 
incheij  in  diameter.  The  pay  streak  is  about  150  feet  wide,  and  it  is 
said  to  extend  along  the  creek  for  about  2  miles.  The  gold  is  bright, 
rough,  and  coarse.  Nuggets  worth  from  $1.50  to  $2  are  found,  and 
many  of  the.  pieces  are  crystalline.  The  concentrates  contain  ihnen- 
ite,  hematite,  and  scheelite.  It  is  not  probable  that  the  gravels 
are  of  very  high  grade,  for  although  mining  began  lu»re  about  1001 
only  a  small  area  was  worked  previous  to  1903.  It  ai^peai's  that  the 
gravels  are  not  of  sufficient  valiie  to  pay  wages  if  worked  by  the 
primitive  method  of  stripping  by  hand  and  shoveling  into  sluice 
lx>xes.  The  limit  of  value  can  probably  not  Iw  far  above  $(>  to  the 
cubic  yard.  Since  1903  mining  on  the  creek  has  Iwen  done  with  hy- 
draulic nozzles  and  elevators.  The  gradient  of  the  stream  IhhI  is  so 
great  that  the  tailings  need  not  be  elevated  more  than  10  or  15  feet. 
With  the  hydraulic  plants  installed  it  is  [)robable  that  the  whole 
gravel  deposit  within  the  valley  of  the  creek  can  be  worked  out  in 
one  or  two  seasons  of  continuous  running. 

Extra  Dry  Creek. — Extra  Dry  Creek  flows  into  Nome  River  from 
the  hills  on  the  west  side,  about  7  miles  from  the  sea.  At  its  head  it 
has  a  narrow  canyon,  but  for  most  of  its  course  it  is  trenched 
across  the  comparatively  flat  valley  floor  of  Nome  River.  The  creek 
gravels  were  being  mined  in  1900,  when  the  workings  were  examined 
by  Richardson.^    In  1903  one  man  was  working  a  rocker  on  the  creek 

"Brooks,  A.  H.,  Richardson,  G.  B.,  and  Collier,  A.  J.,  Reconnaissances  In  the  Cape  Nome 
and  Norton  Bfty  regions,  Alaska,  in  1900,  a  special  publication  of  tlie  U.  S.  Geol.  Survey, 
1901,  pp.  76-77. 


and  probably  ninkiiig  st*iint  wages.     The  whole  output  of  the  creek 
has  probabJy  not  exceeded  $20,W<K 

A  section  in  the  ci^eek  l)ed  about  one-half  mile  from  its  head,  whisre 
the  richest  placers  wei-e  found,  showed  1  foot  of  muck,  1  foot  of 

sandy  clay,  and  6  feet  of  schi^it  and  quart?,  gravel  on  mica-schist 
l>ed  ViK'k  lying  nearly  flat*  Only  tlu^  lower  i*  feet  of  gi^avel  were 
worjced  w^ith  rockers,  the  water  being  obtained  from  springs.  The 
larges^t  nugget  found  was  worth  $1^^,  but  there  were  m^veral  aver- 
aging from  $ii  to  $0,  some  of  which  were  attached  to  pieces  of  ([Uai1z*l 
In  the  lower  part  of  the  creek  the  gold  is  fine  and  littU'  work  has 
been  don^. 

hra^trr  Creek, — Dexter  Creek  in  n  w^estem  tributary  of  Nome  River  J 
about  7i  miles  from  the  coast.    It  forks  a1x)ut  2  niiU's  from  its  mmitlt, 
tlie   s^nithern    branch    being   ralletl    Ix*ft    Fork    and    the    went    fork  J 
reeeiving  tlie  name  Gra^s  Gulch.     (See  sketch  ma|^  fig.  T,  p,  150.) 
About  100  yards  above  the  junction  Gra&vS  Gulch  forks  again*  tht  j 
iiorthcrn  branch  Iwing  caHed  Deer  (lulch.     Another  Irilnitaiy  rneii- 
tiotied  in  the  econoniic  dcftcriplions  is  <froust>  (tiilch,  wiiicb  enter* 
from  the  north  about  one-half  mil<^  bt^low  llie  luoulh  of  CiraKs  (lulch. 

The  mines  on  TJexter  Creek  are  easily  ivadiecl  fjxnn  Nome  by  a 
wagon  road  M'htch  fidlous  Dry  (^reek  l<>  it;*  head  and.  passing  axpv 
ihe  divide,  conie?t  dow*n  Ijfift  Fork-  Freight  may  Iw  hauled  by  wngaa 
from  Nome,  anrl  in  1110*1  was  delivered  at  any  point  on  the  creek  for  1 
:i  In  t  rent>  per  ]>oinnL  The  mines  iwv  al^o  cnsilx  rojii^hi^d  ftnnt 
either  Summit  or  Dexter  station  of  the  Seward  Peninsula  Railway, 
to  which  the  freight  rate  from  Nome  is  at  the  rate  of  1  cent  per  pound. 
I1ies(»  two  stations  are  both  on  the  divide  between  the  basins  of 
Dexter  and  Anvil  creeks.  A  considerable  settlement,  which  includes 
sevei-al  road  houses  and  stores,  is  located  at  the  forks  of  Dexter  Creek, 
the  oldest  establishment  there  being  know'n  as  the  *' Sour  Dough'' 
road  house. 

Through  the  2  miles  of  its  coui'se  i)elow  the  principal  forks  the 
irradicMit  of  the  stream  is  about  140  feet  to  the  mile.  Above  this 
point,  where  the  s(»\(M*al  branches  converge,  the  gradient  is  highei*. 
The  amount  of  wat(M"  in  the  crec^k  during  the  dry  season  is  less  than 
a  shiice  head,  hut  in  the  spi'ing  wIkmi  the  snow  is  melting  and  after 
the  late  summer  rain  there  is  sufticiiMit  water  for  sluicing  in  a  small 
way.  The  creek  vall(\v  luis  a  V-shaped  cross  section  and  in  its  floor 
the  creek  flows  in  a  shallow  trench  or  gorge,  leaving  benches  along  its 
sides  from  10  to  r)0  feet  above  the  bed. 

The  bed  I'ock  of  Dexter  CrcH'k  consists  of  limestones  and  mica  and 
chloritic   schists   of   the    Xome   grou]).     The   strikes   are   in   general 
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extensive  gravel  deposits  have  been  found  along  the  bed  of  the  creek 
from  its  mouth  to  the  sources  of  its  several  tributaries,  and  these 
range  from  2  to  20  feet  or  more  in  thickness.  Where  the  bed  rock 
is  limestone  the  gravels  gradually  pass  into  the  decomposed  bed  rock 
and  extend  downward  in  crevices  and  fissures.  Gravel  deposits  also 
occur  at  a  number  of  places  in  benches  lying  parallel  with  the  creek 
bed,  and  several  of  the  tributary  streams  head  in  high-bench  gravels 
covering  the  divides. 

Dexter  Creek  was  staked  and  gold  on  it  discovered  as  early  as  1899. 
In  1900  mining  was  in  progress  through  the  whole  length  of  this 
creek  and  on  each  of  its  tributaries,  the  total  output  being  estimated 
at  $300,000.  In  many  places  water  which  passed  through  the  sluice 
boxes  was  pumped  back  and  used  again  and  again.  Elsewhere  the 
gravels  were  washed  with  rockers,  to  which  water  was  carried  by 
hand  or  was  hauled  from  Nome  River  in  barrels.  A  criterion  of 
the  richness  of  the  gravels  lies  in  the  fact  that  they  were  worked  with 
rockers,  using  water  purchased  at  $2.50  a  barrel.  In  1901  and  1902 
the  creek  was  almost  abandoned,  as  the  richest  pay  streak  had  been 
exhausted.  With  the  completion  of  the  Miocene  ditch  in  the  summer 
of  1902  the  work  on  Dexter  Creek  was  revived,  and  in  1903  the  creek 
probably  produced  as  much  gold  as  in  1900.  The  water  from  the 
Miocene  ditch  was  used  over  and  over  again  as  it  passed  from  one 
claim  to  another  along  the  creek.  In  general  the  work  was  done  by 
shoveling  the  pay  gravel  into  the  sluice  boxes,  but  in  several  places 
the  gravel  was  hydraulicked.  As  a  rule  the  head  was  only  20  or  30 
feet,  and  canvas  hose  and  a  galvanized-iron  nozzle  were  sufficiently 
strong  to  stand  the  pressure.  The  gradient  of  the  creek  throughout 
its  length  is  such  that  tailings  are  readily  disposed  of.  With  the 
revival  of  mining  along  this  creek  a  successful  search  for  bench 
deposits  has  been  carried  on,  and  it  is  probable  that  the  gravels  of  the 
creek  will  not  be  wholly  worked  out  for  several  years. 

At  a  point  one-half  mile  from  the  mouth  of  the  creek  the  workings 
in  1903  showed  6  feet  of  pay  gravel  containing  many  large  bowlders 
mixed  with  finer  sediments  and  clay.  Most  of  the  bowlders  were  of 
limestone  and  the  clay  is  probably  residual  from  the  limestone  and 
schist 

One-half  mile  farther  up,  on  the  right  bank  of  the  creek,  pay 
gravel  in  the  form  of  a  bench  about  150  feet  long  by  50  feet  wide  was 
lEound  resting  upon  blocky  limestone  10  feet  above  the  present  creek 
l)ed.  The  gold  extended  for  some  distance  into  crevices  of  the 
limestone,  which  was  taken  up  and  washed  .during  the  mining 
operations. 

A  short  distance  above,  the  pay  streak  in  the  creek  bed  consisted  of 
l>roken  limestone  fragments  that  seem  to  have  slid  down  from  the 
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hillside  on  tlie  soutliern  bank  of  the  creek.    This  ckpotiit  is  abofit 
feet  thick  and  about  W  feet  wide. 

On  the  left  hank  opposite  thiy  point  lM*nch  gravels  have  btM*u  tmmd 
about  75  feet  abo\e  and  2fM)  feet  north  of  the  creek  bed.  A  pit  to  Im^ 
rock  ishowed  the  washed  gravel  to  be  30  feet  thick.  The  bed  rock  sit 
tho  UHtoni  of  this  pit  ii=;  reported  to  have  a  well-marked  rim  on  I  hi* 
aide  toward  I>^xtcr  Creek,  indienting  an  old  channel  parallel  with  t 
pn^ent  channel,  (lold  wag  found  near  lied  rock,  but  the  depcwdt  hai 
not  been  thoroughly  prosj>ected. 

Alx)Ut  1(X)  yardj*  above  the  mouth  of  (Sronso  (lulch  the  workii»] 
oil  the  left  Imiik  of  the  creek  extend  inlo  a  great  mass  of  gniveh  whirJi' 
uiaj  nuifk  the  U]>|K'r  end  of  the  ohl  cliamiel  just  iHited.  Tlie  Iw^d  viwk 
was*  here  f^tripped  for  100  feet  or  more,  revi^nling  a  nearly  level  ilmti 
beyond  which  it  ri^yei^  toward  the  liilh  This  bed  nX'k  is  a  deeonipowe 
-,<.histo!>e  Uniestone  with  an  irregidar  surface,  due  \u  the  fact  that  S4nni 
parts  of  it  a]>parcntly  disintegrated  niure  rapidly  than  othern.  Alio' 
(his  l)cd  rock  lies  a  gravel  l>ed  which  on  the  north  Hide  away  froi 
the  creek  IxhI  has  a  thickness  of  nearly  '20  feet.  The  section  shows 
layer  of  several  feet  of  yellowish  clay,  below  which  there  is  nearly 
fet^t  of  gravel  consisting  of  badly  sorted  schist,  limestone,  and  gjanii 
pebbles,  mixed  wnth  a  large  u mount  of  yellow^ish  sandy  clay. 
.  Kear  the  forki?  of  Dexter  Creek  the  gravel  deposits  are  wider  th; 
thofse  exposed  farther  dow^nstream,  but  nearly  all  of  the  gravel  worker! 
in  190*^^  hsid  hi^cn  |)irlc<Ml  ovci"  in  IDOO  and  IWh  uhrn,  owini;  tn  llir 
scarcity  of  water,  only  the  richest  parts  could  be  handled.  The  min- 
ing was  (lone  here  by,  means  of  a  '2-inch  hydraulic  nozzle  under  a  head 
of  ()0  feet,  with  wliicli  the  surface  was  first  piped  off  almost  to  bed 
rock  and  cnrricd  through  the  sluice  boxes,  after  which  the  remnant 
of  tlic  gravel  and  tlic  loose  })e(l  rock  were  shoveled  into  the  boxes  by 
hand.  The  deposit  worked  covered  an  area  about  00  feet  wide  and 
250  f(H»t  long  by  (>  to  10  feet  deep,  and  about  half  the  bed  rock  was 
schist,  the  remainder  being  limestone.  (lold  was  not  found  in  the 
schist  l)ed  rock  to  a  depth  of  more  than  a  few  inches,  but  in  the  fis- 
sures of  tlie  limestone  the  gold  liad  penetrated  to  an  indefinite  depth. 
Some  holes  in  tlic  limestone  have  been  found  in  which  the  gold- 
bearing  gnivels  are  mined  to  a  depth  of  20  or  30  feet.  Though  the 
bed  rock  rises  on  the  south  side  of  the  deposit,  the  limits  of  the  pay 
gravel  had  not  l)een  reached.  The  gold  here  is  all  waterworn,  the 
pieces  are  smooth,  jind  no  corners  or  angles  remain. 

About  a  quarter  of  a  mile  above  the  forks,  in  Grass  Gulch,  is  one  of 
the  richest  of  the  Dexter  Creek  mines.  Here  a  pit  150  feet  wide  by 
;i00  or  400  f(H't  long,  mostly  on  the  south  side  of  the  original  creek 
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within  a  few  feet  of  the  surface  'down  to  the  bed  rock.  Above  the 
gray  el  there  was  a  strip  of  moss  and  soil  not  over  2  feet  thick.  The 
section  from  the  surface  down  is  as  follows : 

Sectioti  in  Grass  Gulch. 

Ft.  In. 
Moss  and   soil 2 

Brown  gravel  of  rounclei!  pebbles  and  clay 0 

Dark  streak,  probably  stained  witli  nian^j^anese 3 

^Brown  gravel  of  ronnded  pebbles  and  clay 0 

Fissued  limestone  bed  rock. 

The  gravels  consist  mainly  of  pebbles  and  bowlders  of  limestone  and 
s<^liist,  but  contain  also  some  pebbles  of  granite.  The  pebbles  are 
^f^ell  rounded  and  range  from  one-half  inch  to  10  inches  in  diameter. 
riiey  are  not  well  sorted  in  layers,  though  the  whole  dej^osit  appears 
to  be  water- laid,  and  is  cemented  by  a  cinnamon-colored,  rather  sticky 
clay  sediment.  Shingling  is  not  very  distinct,  but  seems  to  indi- 
cate a  current  flowing  toward  the  east. 

The  bed  rock  exposed  by  mining  is  chiefly  limestone  that  has  Ixien 

fti=ii^vired,  and  the  erosion  along  the  fissures  has  left  a  very  irregular 

^virface.     (See  PI.  II,  B,)     The  sticky  brown  sediment  extends  into 

fissures  and  crevices  for  an  unknown  distance.    These  fissures  connect 

^^'itli  deep-seated  channels  in  the  body  of  the  limestone,  as  is  shown 

^y   the  fact  that  they  can  not  be  filled  with  water,  and  that  in  the 

^^eper  excavations  the  sound  of  running  water  can  be  heard.       A 

^hin  bed  of  decomposed  schist  included  in  the  limestone  forms  a  reef 

Across  the  floor  of  the  mine,  into  which  the  placer  gold  has  not  pene- 

^J'ated  more  than  a  few  inches.    The  gravel  above  the  schist  reef  is 

^ot   as  rich  as  that  resting  upon  the  limestone.     These  deposits  are 

^^^ly  partly  frozen,  and  after  hydraulicking  the  frozen  j^arts  remained 

^^  pinnacles.    The  gravels  are  angular  and  gold  occurs  in  them  from 

^*^^  surface  down  (PI.  II,  A )  and  in  the  fissures  of  the  bed  rock  as  far 

^^   the  excavations  have  gone,  but  the  greatest  values  occur  in  the 

S^avel  layer  resting  upon  bed  rock.    Many  of  the  residual  bowlders 

^^ve  been  found  to  be  spangled  with  alluvial  gold.    The  gold  is  com- 

r^^ratively  coarse,  but  ranges  from  fine  dust  to  large  nuggets.    The 

^^i*gest  nugget  found,  worth  about  $412,  was  well  worn  and  appar- 

^ntly  consisted  originally  of  a  sheet  of  gold  surrounded  by  quartz, 

^^^t  the  quartz  has  worn  away  and  the  edge  of  the  gold  has  been  worn 

^^ooth. 

The  mine  was  worked  with  water  from  the  Miocene  ditch,  which 

"^^^  an  elevation  above  the  mine  floor  not  exceeding  20  feet.     About 

*^  feet  of  sluice  boxes,  with  riffles  through  the  whole  length,  were 

^^^d,  and  the  pay  streak  was,  for  the  most  pait,  handled  with  shovels. 

Above  this  mine  the  valley  of  Grass  Gulch  is  not  well  defined. 

Extensive  prospecting  has  been  done  here  and  the  limestone  bed  rock,* 


which  underlies  the  valky,  has  been  penetratml  to  a  considerable 
deptlt.  exposing  a  series  of  fissures  and  crevices  probnbly  connecting 
with  iniderground  channels  similar  to  those  just  dascribed,  but  no 
large  body  of  gold-bearing  gravel  is  known  to  have  been  discovered, 
Tlie  mine  workings  of  the  Snniniit  beneh,  north  of  Anvil  Moiinfaiu 
in  the  divide  between  Grass  Guleh  and  Specimen  Gulch,  lie  from  one^ 
fourth  to  one-half  mile  west  of  the  highest  workings  on  Grass  Gulch 
and  are  descriljed  on  page  20(>>  From  their  position  it  seems  quite 
possible  that  the  upjx^r  gra^-els  on  ttniss  Gulch  are  connected  with 
thes*t  liendi  de|iosit,s,  but  the  bed  rock  on  Grass  Gidch  appears  to  lie 
50  or  r»0  feet  lower  than  that  of  the  l>ench,  j 

On  Deer  Gulch,  a  northern  tributary  of  Gra^s  Gulclu  a  *?ucces8ionH 
of  scbistH  and  limestonas  in  exposed  and  some  gold  has  Ikh*u  obtaiiiefi 
The  gravels  were  worked  to  a  siuall  extent  in  the  early  part  of  IWZ, 
but  oj>erations  hnd  been  abanehjned  Wfor*^  Sejjtemlx^r. 

The  gold  diea  ring  gravels  of  Dexter  Creek  alR>  ejstend  n|}  I  a*  ft 
Fork  and  i^robably  connect  with  the  gravels  in  Xhi*  ln^h-b(Mirh 
deposit  on  tlie  divide  between  Dexter  and  Dry  ci*eeks,  AlKiut  one- 
fourth  mile  above  the  mouth  of  Left  Fork  a  force  of  men  were  em- 
ployed in  the  fall  of  11*0*^  exploiting  the  creek  gravels  with  a 
hydraulic  giant  supplied  with  iivafer  from  the  pumping  Mation  on 
Nome  Riv^er.  The  bed  rock  hei*^  coiLsists  of  limestone  arid  thinly 
})erhlpd  calcareous  schists.  Th^>  pay  strrak  is  not  nmiH*  limn  Tif^  ftvt 
in  width  and  the  gradient  of  the  stream  is  such  that  the  sluice  boxes 
could  !)e  laid  along  the  stream  bed  and  the  gi'avels  above  readily 
j^ij)cd  into  them. 

Grouse  Gulch,  a  tributary  of  Dexter  Creek  from  the  north  side, 
heads  in  tlie  decj)  gravels  of  the  Snow  Flake  and  Sugar  mines,  from 
which  it  has  a  steep  gradient  southeastward  to  the  creek.  In  1001 
and  1JK>2  some  mining  was  done  along  Grouse  Gulch  and  a  bed  rock 
consisting  j)i'inci|)ally  of  limestone  hut  containing  also  some  thin 
beds  of  schist  was  exposed.  In  the  upper  part  of  the  gulch  the  bed 
rock  is  mainly  schist.  About  one-fourth  mile  above  the  junction  of 
Grouse  Ciulch  and  Dexter  Creek  a  pit  had  been  excavated  on  the  left 
l)ank  of  the  gulch,  in  which  a  face  of  gravel  10  feet  thick  was 
exposed,  showing  6  inches  of  moss  and  muck;  4  feet  of  yellow  sandy 
rlay,  containing  a  few  rounded  pebbles:  G  feet  of  stratified  gravel 
and  sand,  consisting  mostly  of  Hat  schist  pebbles  arranged  parallel  to 
the  stratification,  and  yellowish-red  and  brown  sand  containing  a 
gi'cat  deal  of  fine  mica.  The  bottom  of  this  layer  contains  some 
large,  flat  pieces  of  rock,  which  show  little  if  any  rounding.  It  rests 
uj^on  a  very  much  decomposed  schist  bed  rock.     Near  bed  rock  is  a 
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to  show  any  granite  in  the  face  of  the  cut*  About  half  a  mile  from 
Dexter  Creek  considerable  gold  has  been  obtained  fi*om  a  tunnel 
extended  from  the  bed  of  Grouse  Gulch  into  a  gravel  bed,  which  is 
de.scribed  in  connection  with  the  high-bench  deposits  (p.  199). 

Banner  Creek. — In  1900  Brooks  wrote  as  follows  concerning  Ban- 
ner Creek : " 

This  is  a  sinaU  tributary  to  Nome  River  from  the  west,  about  3  miles  above 
Dexter  Creek.  Its  bed  rook  is  schistose  greenstones  and  Umestones.  Colors 
have  been  found  on  this  stream,  but  no  paying  placers.  It  must  be  said,  how- 
ever, that  but  little  prospecting  has  been  done.  The  stream  is  a  small  one  and 
during  dry  weather  does  not  furnish  a  sluice  head  of  water. 

In  1903  the  writers  traversed  the  creek,  but,  though  some  evidences 
of  old  workings  were  seen,  no  miners  were  on  the  creek  and  it  is 
doubtful  if  it  has  even  produced  grubstakes. 

Hohson  Creek, — Hobson  Creek  joins  Nome  River  from  the  west, 
about  18  miles  from  the  sea.  It  has  a  rather  narrow  valley  and  south- 
erly course.  The  bed  rock  is  massive  limestone  with  greenstone  schist 
near  the  head  of  the  stream.  Considerable  prospecting  was  done  in 
11)00,  but  very  little  gold  has  been  produced.  The  creek,  which  car- 
ries about  1,500  miner's  inches  of  water,  is  one  of  the  feeders  of  the 
Miocene  ditch. 

Dorothy  Creek, — Dorothy  Creek,  a  western  tributary  of  Nome 
River,  24  miles  from  the  coast,  flows  through  a  small  canyon  having 
a  general  northerly  course.  Above  the  canyon  the  valley  broadens 
out  to  a  small  basin  having  a  gravel  floor.  The  bed  rock  is  limestone, 
tentatively  correlated  with  the  Port  Clarence,  and  greenstone  intru- 
sives,  which  strike  in  a  northeasterly  direction  and  dip  to  the  north- 
west. Mineralized  quartz  veins  are  very  plentiful.  The  creek  is 
reached  by  a  wagon  road  from  Nome,  and  the  cost  of  hauling  freight 
in  1903  was  less  than  10  cents  a  pound.  Where  it  emerges  from  its 
canyon  into  the  valley  of  the  Nome,  Dorothy  Creek  has  a  broad  delta, 
in  which  the  gravel  is  about  3  feet  thick  and  overlies  a  greenstone- 
.schisl  bed  rock.  The  gravel  deposits  of  the  creek  bed  have  been  mined 
since  1900,  and,  according  to  T.  A.  Campion,  who  in  1903  owned  most 
of  the  claims,  have  produced  in  all  $44,000,  but  at  small  profit  to  the 
numerous  operators.  Most  of  this  gold  was  obtained  from  claims 
within  1  mile  of  the  mouth.  The  gold  is  light  colored  and  said  to 
assay  between  $14  and  $15  to  the  ounce.  In  1902  the  Campion  ditch 
was  completed  to  this  creek  from  Buffalo  Creek,  near  the  head  of 
Nome  River,  and  it  was  proposed  to  hydraulic  the  whole  gravel  de- 
posit of  the  creek  bed. 

Above  Dorothy  Creek  on  the  west  side  of  Nome  River  some  exten- 
sive gravel  deposits  lying  in  the  divide  between  Nome  River  and  the 

•  Brooks,  A.  H.,  Rlohardson,  G.  B.,  and  Collier,  A.  J.,  Reconnaissances  In  the  Cap«> 
Nome  and  Norton  Qay  regionit.  Alaska,  tu  1900,  a  special  publication  of  the  U.  s.  (leul. 
Surrey,  1901,  p.  79. 


Iieail  of  Stawfirt  Kiv(M*  Imv*^  Ihh^u  (knoUiped  in  *3Xiriivatiii^  for  the 
("mrifnon  tliirli,  HcM^r  MoimlMirK  wludi  lii^s  wi*s(  of  Notju^  River 
lM*twtH*ii  till*  tit^uiLs  of  Simik  mul  Sttnvjjrt  rivi*rs,  ih  roiiipuH*d  of  givifii 
qiintlJi-chlorite  tschists  contaiiutig  many  veimi  and  ntringers  of  clear 
glaR^v  fjiijuiz.  Some  [>it*(rs  f>l'  iUmi  <|iuii1z  rosc-nibling  tliiit  iti  tho 
iiiuuiitiun,  hiii  cunlainin^  iarp^  pii*ws  of  fivt*  ^nltl  in  one  .<ide  of  the 
sperimen  while  the  otlier  widi*  in  barren,  were  found  along  this  ditch, 
One  nugget  wiis  foinul  which  weighs  threc-foni'lhs  of  n  pound  and 
which  is  ne^irly  all  ^ohl,  but  includes  soini-  tjiuirtz  similar  to  that  from 
the  nuiuntain.  It  is  proposed  to  hydraulic  the  benches  along  the  west 
side  of  Nome  River  nflcr  the  Dorothy  Cfeck  placers  are  exhausted. 

IHtnde  ^Vr /"/'.— Divide  Creek  rises  in  the  l>road  divide  at  the  head 
of  Stewart  River  and  flows  eastward  into  Nome  River,  It  is  a  sn^all 
stream  fh>\ving  over  deep  gi^iivel  deposits  that  may  l>e  in  part  of  gla- 
cial (jrigiii.  At  tile  head  of  the  creek  these  deposits  are  very  deep. 
8oiue  sluicing  was  done  on  tlie  creek  during  1003.  It  is  proposed  to 
hydraulic  these  gravel  deposits  with  water  fi'om  the  Campion  ditch, 

liof^r  Cr('vIi\—\\ui'V  Creek  is  a  small  stream  which  rises  in  Boer 
Mountain,  iM^tween  tlic  headwaters  of  Stewart  and  Sinuk  rivers,  and 
(li^ws  northward  to  Hudson  Creek,  whicli  flows  into  Rutfalo  Creek,  a 
trihnlary  nf  Niiuie  River,  The  distance  from  Nome  is  about  TO  miles. 
It  is  readied  liy  a  wagon  road,  and  freight  rates  in  1U03  wen*  not  less 
than  to  cents  a  pound.  Alniut  $2,H0O  was  produced  in  IW\  and  190*3, 
l)ut  the  creek  was  not  worked  in  1908. 

The  bed  rock  is  grc(Mi  cldoritic  scliist  containing  many  veins  of 
clear  glassy  (jiiartz.  and  (he  ])aystivakis  rc])()rted  to  be  narrow  and 
coiifiucd  to  the  creek  i)ed.  TIk*  thickness  of  the  gravel  ranges  from  1^ 
inches  to  S  feet."  In  the  ii])per  part  of  the  creek  the  bed  I'ock  is  cov- 
ered w  illi  a  deposit  of  conglomerate  coni])osed  mainly  of  subangular 
schist  pebbles  Hrndv  cemented  by  hydrous  ii'on  oxide.  The  nature 
and  limits  of  this  eonglomiu'ate  have  not  been  determined,  l)ut  it  is 
re])orte(l  to  cari'v  values  in  jdacer  gold  and  in  this  respect  n^senibles 
the  uncemented  j^ay  gravel  of  the  creek.  Two  grades  of  gold  are 
obtained — one  light-colored  gold  assaying  $1()  to  the  ounce,  the  other 
:issaying  $ls  to  tlu^  ounce.  Mining  on  the  creek  has  been  shut  down 
l)ending  tlie  com])Ietion  of  the  Campion  ditch. 


SKAKE  RrvER  BA3IM. 

iKfrntltu/loiK — There  are  runny  plaeer-lien ring  streams  tributnrvto 
Snake  liivcr\  wliicii  heads  in  llir  iiphind  legion  almtit  liO  miles  itnilli 
<\t  N(jine  and  ilnw-^  nearly  souihwaid  lo  lierin*:  Sea  (PI,  M 1 U" 
l>ncket).     The  lower  7  miles  of  jH  roiirse  Ui  llie  etmstal-pliun  )H"lt  i^ 
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miles  wide,  and  here  the  river  has  trenched  the  valley  floor,  leaving 
low  terraces  along  the  sides.  The  flood  plain  is  about  half  a  mile  in 
width,  beyond  which  the  slopes  rise  gently  300  or  400  feet  and  then 
become  very  much  steeper.  It  is  a  noteworthy  feature  that  all  bench 
gravels  and  placers  thus  far  discovered  occur  below  the  level  of  these 
steeper  slopes.  The  bed  rock  of  the  greater  part  of  the  Snake  River 
basin  is  composed  of  undifferentiated  schists  and  limestones  of  the 
Nome  group,  which  are  here  locally  more  highly  mineralized  than  the 
average  rocks  of  this  group,  for  gold-bearing  quartz  veins  and  string- 
ers are  of  more  abundant  occurrence. 

No  attempts  at  mining  the  river  bars  have  been  made  above  the 
coastal-plain  belt,  but  the  bars  are  known  to  be  more  or.  less  aurifer- 
ous throughout  the  length  of  the  stream. 

The  low  benches  that  occur  along  both  sides  of  the  Snake  River 
valley  are  in  part  rock  cut  and  in  part  built  up  of  gravel.  At  a 
locality  on  the  east  side  of  the  valley  about  10  miles  from  the  coast, 
strippings  of  the  sloping  valley  floor  made  in  a  search  for  quartz 
veins  have  revealed  a  rock  surface  covered  to  a  depth  of  4  or  5  feet 
with  muck  and  residual  schist  fragments,  with  here  and  there  some 
washed  gravel.  Here  in  some  places  gold  believed  to  be  derived 
directly  from  the  disintegration  of  quartz  veins  has  been  found  on 
bed  rock.  The  average-sized  pieces  of  this  gold  are  worth  not  more 
than  one-twentieth  of  a  cent  and  are  not  in  the  least  rounded  or 
water  worn.  Some  of  these  deposits  doubtless  carry  placer-mining 
values,  and  they  are  well  situated  for  ground  sluicing  or  hydraulick- 
ing,  but  they  have  thus  far  been  neglected. 

Pioneer  Gnlch. — In  1908  a  company  was  preparing  to  mine  the 
gravels  of  Pioneer  Gulch,  near  the  mouth  of  North  Fork  of  Snake 
River,  about  16  miles  from  the  coast.  A  4^-mile  ditch  bringing  about 
500  miner's  inches  of  water  from  Last  Chance  Creek  to  this  com- 
pany's property  had  been  completed,  and  actual  mining  operations 
commenced  in  September,  1903,  but  the  results  obtained  since  that 
time  have  not  been  learned. 

Newton  Gulch. — Newton  Gulch  is  a  small  valley  with  smooth, 
grassy  walls  incised  in  the  south  side  of  Newton  Peak,  whose  slopes 
are  gentle  and  moss  covered  up  to  an  elevation  of  400  feet,  above 
which  they  are  steep  and  bare.  The  stream  is  about  2  miles  long 
and  carries  less  than  a  sluice  head  of  water  into  Dry  Creek.  Its  head 
lies  in  a  sharp  canyon  well  up  on  the  mountain,  but  most  of  its  valley 
is  only  slightly  trenched  into  the  more  gentle  slopes  at  the  edge  of  the 
coastal  plain.  The  gravels  are  here  from  80  to  150  feet  wide  and 
from  6  to  27  feet  deep,  but  the  deepest  pay  streak  reported  is  .10  feet 
beneath  the  surface  and  rests  upon  a  clay  seam.  At  the  mouth  of  Wxq 
gulch,  where  the  valley  floor  merges  with  the  coastal  plain,  the  bed 
rock  is  27  feet  below  the  surface. 
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Claims*  npur  th*^  mouth  of  the  ^Icli  nrv  reported  to  Jmvt*  prodii 
$T5.0()tJ  from  IW\  lo  lliOH;  thr*  |my  Mtivak  was  /rom  L*  to  n  ft-et  thid 
unci  averag*»cl  over  100  (eH  in  width.     Th**  gold  is  coarse,  iisostly' 
bright  tunl  rnthtrr  rou^li*    Estiamti^s  of  the  gold  tenor  of  tliet^  dep< 
its  ttrr  rather  indeHnito,  but  a  large  pait  of  the  pay  streak  miit^t  ba^ 
run  over  $ir>  to  the  cubic  vanL 

Aljout  thrtH*-fourthM  of  a  mile  north  of  the  mouth  of  Newton  Gulch 
a  pay  streak  has  Wen  found  in  a  gravel  di^pOHit  on  the  Hloj>e  of  tlie  hi!! 
abovt?  the  cixH*k  Ihh\,  and  a  large  area  has  been  worked  to  a  depth  of 
10  feet  without  finding  either  l)ed  rock  or  flefinite  limits  to  tlie  pay 
strt»n  k .     A  ti  t^  %^er a  gt*  8ec  t  i  o  n  o  f  t  he  c  le  posit  i  r  a  s  follows: 

Sf'f'fUm   m'tir  tmtuift  of  Xe*rttm  fJwfrA, 


-      2 


Tiiiitlni  vt*»:etiit!cm  nuU  iw*jU-, ..  ,____ 

Sa  udy  wn  I  m  njrii  J  n  r  j;r h  \f  1   ( pay  wtwn  k  1 , 
nine  rlny  (tliifkm^N  wot  km>wiil. 

The  pay  streak  coutain:?  u  few  laiwhii^rs  as  large  an  18  inches  in 
diameter.  The  goUl  in  the  pay  streak  is;  said  to  average  aijove  $*2  to 
the  culne  yanh  It  is  bright  nin\  tno^^tly  snuMtth,  but  some  of  it  is  very 
rough*  It  is  coai><e  and  easily  saved,  thongli  the  largest  nugget 
found  was  worth  oidy  $1.50. 

In  11J04  til  is  n  i  i  ne  w  a  s  w  t )  rk  e< !  h  \'  h  >  d  ra  1 1 1  i  ck  i  n  g  w  i  t  li  p  u  ni  jit  h  1  w  a  t  er 
from  a  i!'inch  no:£zlc  under  a  heud  of  aUnit  100  feet  and  the  tailings 
were  dumped  into  Xewton  fJuk4h  Though  the  dejKi^it  was  frozeii  it 
was  easily  worked  in  this  way  after  the  tundra  growth  had  been 
renioved.  The  origin  of  this  deposit  is  difficult  of  explanation,  witli 
the  meager  data  available  regarding  it.  As  noted,  it  lies  u})on  a 
gentle  slope  which  continues  uj)ward  to  an  elevation  of  400  feet. 
Similai"  gentle  slopes  rising  to  about  the  same  elevation  snrround  the 
bases  of  niany  of  the  hills  and  are  features  of  the  larger  valleys  of 
the  Nome  region.  It  seems  likely  that  they  represent  renmants  of  an 
old  eroded  surface.  If  this  be  true,  bench  gravels  may  be  exj)ected  to 
b(^  found  uj)  to  an  elevation  of  400  f(»et,  and  below  these  gravels  hill- 
side deposits  would  ])rol)ably  result  from  the  destruction  of  such 
l)eii('hes  by  the  ci'ee])ing  movement  of  the  soil  and  loose  bed  rock  down 
tlie  slopes. 

/>/•//  ('reck. — Dry  Creek  heads  in  the  Hat  divide  separating  it  from 
Left  Fork  of  Dexter  Creek,  and  joins  wSnake  River  near  Nome,  after 
travei'sing  the  coastal  j)lain.  The  lower  ])art  of  the  creek  has  already 
been  described  (j).  101)).  In  its  general  form  it  much  resembles  Dexter 
Cn^ek,  as  its  source  lies  in  a  high  gravel  terrace,  in  which  it  has  cut  a 
basin  and  below  which  the  valley  contracts.  Much  of  the  valley  is 
dee])ly  filled  with  gravels  that  ai*e  ])i'obably  not  rich  in  placer  gold. 
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live,  and  in  1903  all  the  creek  placers  were  idle.  Most  of  the  gold 
produced  has  been  obtained  from  an  old  channel  on  the  east  bank  1 
to  2  miles  above  Newton  Gulch,  about  50  feet  above  the  creek  bed, 
which  has  been  traced  for  about  three- fourths  of  a  mile.  This  chan- 
nel is  about  600  feet  east  of  and  parallel  to  the  present  creek  channel. 
It  has  a  grade  of  about  100  feet  to  the  mile.  The  pay  streak  is  from 
20  to  60  feet  wide  and  the  gravel  is  shingled  in  the  same  direction  as 
that  of  the  present  stream.  It  is  covered  by  about  50  feet  of  gravel, 
slide  rock,  muck,  and  silt,  and  consists  in  general  of  slightly  rounded 
schist  pebbles,  but  contains  a  few  pieces  of  greenstone  and  bowlders 
of  granite.  In  some  places  the  pay  gravel  is  cemented  with  iron 
oxides,  but  most  of  it  is  uncemented.  On  the  gently  sloping  hillside 
above  there  are  many  evidences  of  creeping  movements  in  the  surficial 
layer.  At  both  the  upper  and  lower  ends  of  the  portion  mined  pros- 
pecting has  been  done  to  locate  the  continuance  of  the  channel,  but  so 
far  without  success.  Near  the  north  end  of  the  channel  the  rim  is 
wanting  on  the  west  side  and  the  pay  streak  pinches  out  where  the 
surface  of  the  bed  rock  dips  down  toward  the  present  creek  bed.  The 
l)ed  rock,  of  schist,  is  20  to  50  feet  below  the  surface  and  the  pay 
streak,  4  feet  thick  and  60  feet  wide,  rests  upon  it.  It  is  reported  that 
the  pay  dirt  mined  during  the  winter  of  1902-3  yielded  between  $9 
and  $12  to  the  cubic  yard.  About  one-fourth  mile  south  of  this 
locality  the  depth  to  l)ed  rock  is  50  feet,  the  section  being  as  follows: 

Hectioti  on  liry  Creek  about  H  inilvH  ahovv  y  cut  on  Gulch. 

Feet. 

Muck  and  fine  dark-ooloreil  silt __ 45 

Fine  sand _  __   __    5 

Pay  gravel i-2 

Schist  bed  roc-k. 

The  pay  streak  is  here  20  feet  wide  and  is  defined  by  well-marked 
rock  rims.  Six  thousand  8-pan  buckets  of  pay  dirt  are  reported  to 
have  yielded  $16,000,  which  is  approximately  equivalent  to  $50  a 
cubic  yard,  150  pans  being  considered  equal  to  a  cubic  yard.  Tlie 
^old  of  this  bench  is  not  gieatly  waterworn  and  many  of  the  small 
nuggets  contain  quartz.  The  gold  is  comparatively  coarse,  the  aver- 
age-sized pieces  probably  being  worth  about  1  cent,  but  it  ranges 
from  fine  dust  to  coarse  nuggets.  Magnetite,  garnet,  ilmenite,  scheel- 
ite,  and  quartz  are  associated  with  the  gold  in  the  concentrates.  A 
sample  of  the  concentrate  from  which  the  free  gold  had  been  sepa- 
rated by  panning  and  treating  with  quicksilver  was  assayed,  yielding 
13.76  ounces  of  gold  and  2.64  ounces  of  silver  to  the  ton.«  Some  of 
this  gold  was  undoubtedly  contained  in  small  quartz  grains  remain- 
ing in  the  concentrate,  though  a  part  must  have  been  held  by  some 
other  minerals.     Mining  is  done  by  the  shaft  and  drift  method,  and 

'Assay  by  E.  E.  Burllnjjame  &  To..  Denver,  Colo. 
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Hr*  ilump   i^  wrtsi I tn I   t*ni'lv    In   sinanMM-   vvi(h    wnt**!^  f'filh*rii*(l 
riit?lliiig  SHOW  on  the  tullsitlt*  ahuve, 

Vooper  Gulch, — Cooper  CjuIcIk  wliifli  in  gieneral  charndenKtirs 
murh  restuahles  Newton  (iiildi,  is  a  sjiiall  vriUey  cut  out  of  tiie  ^^^outli 
slope  of  Anvil  Peak,  at  the  bm^  of  which  thei-e  is  a  well-marked  _ 
bench  between  325  and  400  feet  above  the  sea.  Cooper  (iulch  is  B 
ti-erK'hed  at-roas  this  beneh  and  below  it  spi-eads  out  in  a  fan-slia]>etl 
deha,  beyond  which  its  waters  are  not  again  collected  in  a  definite 
cluuinel.  In  1900  a  few  men  worked  here  with  nx*kei-s,  making  baiT 
wages,  but  early  in  1^03  n  pit  about  100  by  300  feet  wan  hydraulicked 
with  water  from  the  pumping  plant  on  Snake  River,  In  Septeml>er 
of  that  year  the  place  was  found  abandoned  and  the  machinery 
removed.  The  bowlders  in  the  tailing  piles  are  prinri pally  linu*- 
Sjtone,  but  there  ai^  also  some  of  granite  and  greenstone.  The  edgt^h 
of  the  cut  show  from  2  to  4  feet  of  biown^  sandy,  stratified  material 
overlying  gravel  of  ntdtnow^n  depth. 

Anvil  ^V^^^A\— Anvil  Creek,  an  eastern  tributary  of  Snake  River^ 
lias  a  length  of  about  6  miles.  The  upper  4  miles  of  its  course  is  in 
a  valley  lying  between  Anvil  Peak  on  the  east  and  a  lower  flat -topped 
ridge  on  the  west.  This  valley  is  comparatively  broad  and  is  not 
nymmetricrtl  in  croas  section,  as  the  east  side  rises  by  a  gentle  grass- 
<rovered  ftIo]>e  to  an  elevation  of  400  nr  iUK)  feel  above  the  sea,  whereas 
the  slope  on  the  west  side  is  much  steeper.  The  eriiek  bed  is  trenched 
to  a  depth  of  20  or  30  feet  in  the  vnlley  floor,  leaving  a  ^^lo]iing  hencli 
on  the  east  side,  with  no  corresponding  bench  on  the  west  side.  (See 
fig.  11,  p.  180.)  This  bench  is  more  or  less  covered  with  gravel  and 
sli(h»  iiialerinl,  juid  near  its  lower  cd^^t'  w  series  of  old  channels  rich  in 
j)la('cr  gold  lia\(»  been  discovered. 

The  IkmI  rock  of  the  creek  is  coni})osed  of  various  schists  belonginir 
to  the  Nome  groii}).  In  general  these  rocks  strike  approximately 
j)arallel  with  the  creek  bed  and  di})  at  a  high  angle  both  east  and 
west.  Thev  are  faulted  in  many  })laces,  a  majority  of  the  fault 
planes  striking  a  little  east  of  north,  pai'allel  with  the  general  course 
of  the  valley.  At  the  lower  end  of  the  valley  the  bed  rock  for  about 
half  a  mile  is  graphitic  s(diist.  Above  this  for  half  a  mile  it  is  a 
gray  (ddoritic  calcareous  schist,  and  above  this  there  are  belts  of 
both  graphitic  and  (juartz-cddorite  schist.  All  these  rocks  contain 
small  stringers  and  veinlets  of  (juai'tz  and  calcite,  some  of  which  are 
mineralized  with  }>vrite  and  other  sulphiiU^  minerals,  while  others 
contain  five  gold.  No  veins  of  economic  imi)ortance  had  been  dis- 
covered up  to  1903. 

In  the  last  live  years  the  creek  has  ])ro(luce(l  over  $5,000,000  in 
<rold.     The  discoveries  of  gold  which  first  attracted  attention  to  the 
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its  gravels  have  not  produced  placer  gold  in  notable  amounts,  and 
this  part  of  the  valley  had  been  only  cursorily  examined  by  geolo- 
gists. Within  the  upland  the  flood  plain  of  Anvil  Creek  ranges  in 
width  from  300  feet  at  its  lower  end  to  about  50  feet  near  its  upper 
end.  The  gold  of  the  valley-floor  gravels  has  practically  been 
exhausted,  though  it  is  proposed  to  rework  some  of  the  gravels  by 
more  refined  methods  and  extract  the  small  values  that  may  be  left. 
Present  mining  operations  are  confined  to  the  gravels  found  in 
bench  deposits  along  the  east  wall  of  the  valley..  These  deposits 
liave  been  described  by  Brooks  «  as  follows : 

The  gravels  of  the  creek  floor  have  aU  been  derived  from  within  the  basin 
and  include  the  various  types  of  bed  rock  which  have  been  described.  They 
have  a  thickness  varying  from  3  to  5  feet,  and  are  usually  covered  by  2  to  3 
feet  of  muck  and  clay.  The  gravels  generally  carry  pay  throughout  their 
thickness  and  are  all  put  through  the  sluice  boxes.  In  the  mining  operations 
from  1  to  2  feet  of  the  underlying  weathered  bed  rock  is  usually  found  to  carry 
values  and  is  sluiced  with  the  gravels.  The  richest  deposits  are  found  at  and 
in  the  bed  rock.  Where  the  creek  valley  broadens  out,  about  a  mile  above  its 
mouth,  bed  rock  has  not  been  reached  in  the  prospect  holes.  Some  gold  has 
been  found  on  a  layer  of  blue  clay  about  8  feet  below  the  surface.  This  gold, 
however,  is  finer  than  that  found  on  the  bed  rock  on  the  stream  above  and  the 
deposit  is  not  nearly  so  rich. 

Anvil  Creek  has  produced  gold  throughout  its  length  and  all  of  the  claims 
liave  paid  profits.  They  are,  however,  not  all  of  equal  richness,  and  this  is 
probably  due  to  the  fact  that  some  of  the  gold  has  been  contributed  by  the  old 
terraces,  which,  being  dissected  by  smaller  tributaries,  have  contributeil  their 
gold  to  the  main  stream. 

The  bed  of  Anvil  Creek  for  nearly  3  miles  has  been  practically  all  worked 
over  once  during  the  last  two  years.  Future  developments  will  be  directed 
toward  the  bench  claims,  which  up  to  19()0  were  practically  untouched,  aiid 
toward  reworking  the  creek  gravels  with  more  refined  methods  of  separation. 
In  the  lower  course  of  the  creek,  dredging  may  also  be  found  profitable. 

Anvil  Creek  gold  is  both  coarse  and  fine.  Nuggets  up  to  $.S00  in  value  have 
been  found,  and  $2  and  $3  nuggets  are  very  common.  It  is  irregular,  generally 
chunky  rather  than  fiat,  and  has  a  dark-yellow,  sometimes  almost  brown  color. 
The  fineness  of  the  gold,  according  to  Dr.  Cabell  Whitehead,  is  0.890,  or  $18.33 
per  ounce.  Quartz  and  fragments  of  a  schistose  rock  are  often  found  attached 
to  nuggets.  Among  the  heavier  minerals  in  the  concentrates  magnetite  and 
garnet  are  most  common  and  occasionally  scheelite  i«  found. 

More  detailed  examinations  show  that  although  nearly  all  the 
gravels  of  the  creek  bed  have  been  derived  from  points  within  the 
basin  and  consist  of  the  various  types  of  rock  that  make  up  the 
Nome  group,  together  with  much  vein  quartz,  they  also  include  some 
granite  pebbles  and  bowlders  that  are  found  in  place  only  in  the 
Kigluaik  Mountains. 

The  irregularity  in  the  distribution  of  the  gold  is  no  doubt  in  part 
due,  as  Brooks  has  indicated,  to  a  reconcentration  from  older  chan- 

•  Brooks,  A,  H.,  Richardson,  G.  B.,  and  Collier,  A.  .T.,  Reconnaissances  In  the  Cape  Nome 
and  Norton  Bay  regions,  Alaska,  in  1900,  a  special  publication  of  the  U.  S.  Geol.  Survey, 
1901,  pp.  73-74. 
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uels,  but  it  i»  ftlhJMj  II  i*t\suh  of  tjje  lueqimlilieH  of  tM-cmToii*'*^  of  the  gohl 
in  the  bed  mck.  I1u»  rich  phiti^rs:^  on  the  upper  purl  nf  ibe  ci'tn^k,  for 
examples  Ciin  bt^  Httributotl  pjirtly  In  tht*  nvoiifvutrulion  of  high- 
bench  gravel  vvilsIukI  down  bv  Nf^knk  GuU  b,  and  tht»  rieliijc*s&5  uf  llie 
plftoei"*!  near  Discovery  ehiitii  h  in  nil  probability  due  to  vpui^  m  t\w 
local  lK*d  rock,  for  it  h  there  tbiU  nil  thr*  phenonieruilly  hirge  nuggets 
have  teen  found,  tuid  thes^  coidd  not  have  been  transport**d  f*in 
Th(*  fttct.s  ncces.siiry  for  estimating  with  any  degi*ee  of  exactness  the 
gohl  tenor  in  the  Anvil  Creek  placers  arc  not  at  hand,  but  the  aver- 
age for  all  the  gravels  mined  along  the  creek  can  not  have  been  less 
than  $5  a  cubic  yard.  In  the  richer  spots  much  of  the  gi^avel  con- 
tained more  than  ^50  to  the  cnbic  yard.  The  gravpls  of  the  benches 
worked  nfc  the  present  time  are  of  lower  gi*ade  and  many  of  them 
could  not  i>e  woi^ccf]  1>y  the  fX|>etisive  methods  employed  in  tbe  first 
few  yearB  of  mining. 

The  ridiest  of  the  creek  gravels  were  within  half  a  mile  both  above 
find  l>elow  the  f^ite  of  the  original  discovery*  which  is  near  the  point 
where  Anvil  (*reek  emergen  fi'om  its  valley  and  enters  tlic  c*f>as1al 
plttiin  From  Discovery  claim  the  gold  in  progre^^sively  finei*  dawn* 
j^treani,  a  (*ontlition  to  l>e  expected,  m^  nu  gold  h  here  derived  directly 
from  the  hc<l  rock  and  the  placer  contains  only  that  l^rouglit  in  \ty  thi^ 
creek* 

Discovery  claim  wns  one  of  the  richest  fount!  in  Ahi^kiu  Tlie  gold 
was  generally  coarse  and  included  two  very  large  nuggets,  one  wortli 
$hr)00  and  tlie  otlier  worth  $1,700.  AHhough  many  of  the  smaller 
pieces  are  rough  and  anguhu*.  these  large  nuggets  are  battered  smooth. 
During  the  season  of  IDOH  no  mining  was  done  inunediately  on  the 
creek  at  this  |)hice.  but  there  were  extensive  operations  on  a  bench 
lying  about  10  feet  above  the  creek  bed  and  extending  500  or  (►OO  feet 
eastward  to  the  foot  of  Anvil  Peak.  (lohl  was  discovered  on  this 
bencli  s(»veral  years  ago,  but  sluicing  was  not  uiulertaken.  on  ac<'ount 
of  the  lack  of  water.  In  11)0*2  j)rospect  lioles  were  sunk  to  tlie  bed 
rock  and  a  small  amount  of  gold  was  obtained  with  rockers,  but  the 
great  richness  of  tliese  graved  (lej)osits  was  not  manifest  until  the 
summer  of  IDO.'i,  when  the  water  of  Anvil  Crindv,  no  longer  needed  to 
work  the  cretdv  (daims,  was  brought  to  the  bencdi  !)y  a  ditidi.  An  area 
of  more  than  1  acre  was  worked  over  in  IDO)^.  This  led  to  the  find- 
ing of  the  largest  nugget  so  far  discovered  in  Alaska,  weighing  about 
170  ounces.  If  |)ure  gold,  this  migget  would  be  valued  at  al)out 
$.*>.2()0.  but  it  contains  consideralde  (juartz  and  its  gold  content  is 
estimated  at  about  $2,(')0(). 

On  a  j)art  of  this  (daim  there  is  rei)orted  to  be  a  covering  of  nujss 
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peaty  muck  about  3  feet  thick.  The  pay  gravel  ranges  in  thickness 
from  4  inches  to  4  or  5  feet,  and  the  bed  rock  to  a  depth  of  6  inches 
also  contains  placer  gold.  In  the  thin  places  the  clay  layer  from  the 
top  penetrates  the  gravel,  which  there  resembles  an  old  channel  filled 
with  mud.  The  bed  rock  is  graphitic  schist,  similar  to  that  found  in 
the  creek  bed.  Although  it  has  an  irregular  surface,  it  shows  no  well- 
marked  rim  or  evidence  of  a  definite  channel  limiting  the  pay  streak. 
The  limits  of  the  gold-bearing  gravels  had  not  yet  been  reached  in 
1903.  About  three- fourths  of  ar  mile  above  Discovery  claim  the  bed- 
rock rim  of  the  present  channel  forms  an  abrupt  escarpment  about  50 
feet  high  on  the  east  side  of  the  creek,  and  above  this  a  bench  rises  in 
a  gentle  slope  toward  the  foot  of  Anvil  Peak.  In  the  face  of  the 
e,scarpment  black  schist  is  overlain  by  gravel.  About  300  feet  back  of 
the  rim,  at  an  elevation  of  at  least  50  feet  above  the  present  creek  bed, 
a  deposit  of  gravel  about  100  feet  long  has  been  excavated.  AVhen  the 
gold  was  discovered  here  it  was  supposed  that  there  was  an  extensive 
bed  of  gravels,  but  the  whole  body  bounded  by  rock  walls  was  worked 
out  in  three  weeks.     The  prospectors  describe  the  occurrence  as  a 


Fio.  11. — Diagrammatic  section  of  Anvil  Creek  valley,  showing  bench  gravels. 

"pothole."  This  deposit  (see  fig.  11)  was  evidently  the  remnant  of 
a  more  extensive  channel  of  Anvil  Creek  formed  at  some  earlier  stage 
of  the  creek's  development.  It  is  similar  to  the  other  old  channels 
described  in  the  next  paragi-aph,  and  as  it  lies  at  about  the  same  ele- 
vation, 200  feet  above  sea  level,  it  may  represent  the  same  period  of 
erosion.  This  placer  was  very  rich  and  in  three  weeks  yielded  suffi- 
cient gold  to  pay  for  the  machinery  used  in  extraction,  consisting  of 
an  engine,  pirnip,  and  pipe. 

From  a  point  about  1  mile  above  Discovery  claim  an  old  channel, 
or  series  of  old  channels,  in  the  main  less  than  20  feet  above  the  creek 
bed  and  parallel  with  it,  has  been  traced  for  about  a  mile  and  a  quar- 
ter. These,  as  has  been  stated,  are  old  channels  of  Anvil  Creek.  They 
are  characterized  by  well-defined  bed-rock  rims,  but  are  everywhere 
narrower  than  the  prevsent  creek  bed.  The  overburden  is  for  the  most 
part  slide  material  from  the  hillside  above,  and  the  surface  contour 
gives  no  indication  of  the  existence  of  the  channels.  At  the  lower  end 
of  this  series  of  channels  the  rim  on  the  creek  side  is  wanting.    The 


face  of  the  Avorkiii^  shows  about  10  feet  of  rather  fijie  gravel  contain- 
ing more  or  less  siind  and  clay,  through  which  gold  is  somewhat  uni- 
fnrndy  distribntinh  Some  of  this  gold  is  roarse,  but  the  greater  pan 
is  veiT  fine.    Tlie  st»ction  from  the  surface  down  is  as  follows: 


-       3 


SistHiijn  in  old  i^lutttnel  ttf  Anvil  Creek. 

Brdwn  day  and  soil  t-nntainliig  uooie  angular  pebltlt^ ^_ 

Flae  grm-el  eontalnlug  sttcby  clay  ee<lfnieat-___ -_^,_„- 

Contfte  gruvf^l  ami  srmd ^ ^-,_^— ., ^^__^_ 

Bed  rock'  not  exposed. 

Mining  was  d<>ne  liere  wiih  i\  hydraulic  monitor,  liaviug  ii  head 
of  only  al>ont  !^0  feet  and  supplit^d  witli  water  taken  from  Anvil 
Creek  about  a  mile  above.     About  200  feet  of  14-inch  ?^luice  lx»x<*s 

supplied  witli  pole  and  Hungarian  riffles  throughout  were  used,  Tlie 
hetl  rock  rinses  genlly  towartl  tlio  liill  on  the  east,  and  sluice  hoxe^  lai^l 
directly  on  the  Ix^d-rock  floor  have  the  proper  grade.  The  tailings 
n  r e  d  u  m  pe  d  i  n  t  o  t  h  e  p  iwsen  t  e  reek  Ix^d ,  ^J 

Above  thi?j  point  the  old  channel  m  from  00  to  80  feet  wide  for  about^B 
a  quarter  of  a  mile.  Its  east  rim  toward  the  hills  is  well  marked  and 
0(>mparatively  abrupt;  the  west  rim  between  it  and  the  pres«^^nt  rhan- 
nel  has  Ix^cn  partially  destroyed  and  is  in  placets  wholly  wanting. 
The  bed  rock  here  differs  from  that  at  Discovery  claim,  a.s  it  consists 
of  a  light-gray  csilenreous  srhist,  which  is  veiy  much  rrumpled,  but 
in  a  general  way  strikes  parallel  with  the  creek  bed  and  dips  to  the 
northwest  at  a  high  angle. 

About  100  yards  above  the  upper  end  of  these  workings  and  ono- 
half  mile  below  Specimen  (lulch  an  excavation  about  HOO  feet  east  of 
the  j)ivs(Mit  chamiel  of  Anvil  Creek  exposes  an  old  channel  for  a 
distance  of  500  to  800  feel.  This  claim  was  worked  by  a  hydraulic 
monitor;  ;i  hydraulic  elevator  raised  the  gravel  about  20  feet  to 
the  sluice  l)()xes,  which  dumj)e(l  the  tailings  into  the  present  bed  of 
Anvil  Creek.  The  face  of  the  excavation  showed  about  (>  feet  of 
liglit-brown  sand  and  angular  gravel  at  the  toj);  then  a  1-inch  seam 
of  l)ro\vn  clay  overlying  15  to  20  feet  of  gravel  containing  some  large 
l)owld(4*s  near  the  bottom  and  resting  u|)on  bed  rock,  in  which  there 
is  a  channel  about  "20  feet  wide  and  10  or  1"2  feet  deep.  The  pay 
irravel  extends  over  the  rims  of  the  bed-rock  channel.  A  smaller 
channel  about  8  feet  wide  and  7  feet  deep  runs  into  it  from  the  side 
toward  the  j)resent  bed  of  Anvil  Creek.  What  appears  to  be  the 
same  channel  is  exposed  about  one-fourth  mile  below  Specimen  Gulch, 
where  it  had  been  excavated  for  about  WO  feet.  It  is  here  50  feet 
wide  by  liO  feet  deep  and  extends  ])arallel  to  the  creek.     The  bed  rock 
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of  quartz,  some  of  which  are  mineralized.     No  mining  was  in  progress 
here  in  September^  1903. 

Specimen  Gulch,  a  small  easterly  tributary  of  Anvil  Creek,  cuts 
across  the  old  channel  and  was  probably  the  source  of  some  of  its 
gold.  The  floor  of  the  gulch,  made  up  of  eastward-dipping  graphitic 
schist,  is  about  on  a  level  with  the  floor  of  the  old  channel.  The 
workings  showed  the  following  section : 

Section  in  Specimen  Oulch. 

Feet 

Moss  and  niuek ._       1 

Coarse  gravel 8 

Clay    bed 1 

The  best  pay  lay  on  the  clay  bed,  though  the  whole  deposit  carried 
some  gold.  The  gold  is  bright  and  coarse,  the  average-sized  pieces 
being  worth  not  less  than  5  cents.  It  is  not  greatly  wateVworn, 
though  some  of  the  edges  and  corners  are  rounded. 

The  old  channel  of  Anvil  Creek  is  also  exposed  north  of  Specimen 
Gulch,  400  feet  east  of  the  creek,  in  a  pit  70  feet  wide,  200  feet  long, 
and  20  feet  deep. '  The  channel  is  here  70  to  120  feet  wide  and  several 
feet  lower  than  the  bed  rock  in  the  workings  on  Specimen  Gulch,  just 
described.  On  the  east  side  the  rim  is  steep,  but  on  the  west  side, 
facing  the  present  channel  of  Anvil  Creek,  it  rises  very  gently  and  is 
mantled  by  a  gravel  bed  that  probably  extends  all  the  way  to  the 
creek.  The  bed  rock  in  the  channel  is  a  soft  graphitic  schist  contain- 
ing many  small  stringer  veins  of  quartz.  Overlying  this  is  a  gravel 
pay  streak  7  feet  thick,  succeeded  by  about  12  feet  of  sandy  clay. 
Neither  the  clay  nor  the  gravel  is  frozen.  The  pay  gravel  contains 
pebbles  and  some  large  bowlders  of  mica  schist,  greenstone,  and 
granite.  All  of  the  gravel  is  shingled,  indicating  a  current  running 
nearly  south.  A  bowlder  of  galena  coated  over  on  the  outside  with  a 
yellow  alteration  product  and  weighing  about  40  pounds  was  found 
in  the  pay  gravel.  The  gold  has  not  worked  deeply  into  the  bed  rock. 
It  is  fine,  occurring  chiefly  in  grains  about  the  size  of  a  pin  head, 
though  the  largest  nuggets  were  worth  about  $20.  This  mine  was 
worked  by  a  hydraulic  monitor  and  elevator.  The  clay  and  gravel 
above  the  bed  rock  were  piped  down  through  a  flume  to  a  sump, 
where  they  were  raised  by  a  hydraulic  elevator  to  the  sluice  boxes, 
which  dumped  into  older  excavations.  The  lowest  gravel,  together 
with  the  loose  bed  rock,  was  shoveled  into  the  flume. 

Between  the  north  end  of  this  pit  and  Anvil  Creek  a  smaller  chan- 
nel about  150  feet  east  of  the  present  creek,  and  probably  more  recent 
than  that  described  above,  has  been  opened.  This  channel,  which  is 
cut  in  decomposed  chloritic  schist,  is  about  20  feet  wide  and  12. feet 
deep,  and  in  the  workings  of  the  mines  makes  a  bend  in  the  form  of 
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tlie  (lump  iri  w II shed  curly    in   siniunrr   vvhli    \\'Mi*v  t 
indliiig  snuw  ou  llie  lulLsult'  itlnive. 
Cooper  Guk*h,—Cix^\wv  (iulelu  whicli   in   *jciienil  rlinniet**ristics 

nmdi  resembles  Newlcm  (tulclu  is  n  hjhuII  valley  cut  out  of  the  south 
.slope  of  Ajivil  Peak,  at  the  bui^e  uf  which  there  is  a  well-marked 
Ijench  between  325  tiud  4(H)  feet  above  the  sea.  Cooper  Gulch  is  fl 
trenrhetl  across  this  betirh  and  htdow  it  spreads  out  in  ii  fan-shaped 
delta,  beyond  which  its  waters  are  not  again  collected  in  a  definite 
channel.  In  19O0  a  few  men  worked  here  with  roekers,  making  barp 
wages,  but  early  in  IDOS  a  pit  about  UX)  by  300  feet  w^as  liydranlicktHl 
with  water  from  the  pumping  plant  on  Snake  River.  In  iSeptemWr 
of  that  year  the  place  was  found  abandoned  and  the  machiner}' 
removed.  The  bowhiern  in  the  tailing  piles  are  prinri pally  lime- 
stone,  but  there  are  also  some  of  granite  ami  greensicaie*  The  edgt*^ 
of  the  C4.it  show  from  2  to  4  feet  of  brown,  sandy,  stratified  material  fl 
o ve rly i  ng  gra  vel  of  im  kn  o w  n  <  1  e p t  h . 

Anvil  Creek.— XixYil  Creek,  an  ea^lern  tributary  of  Snake  River, 
has  a  length  of  about  0  miles.  The  upper  4  miles  of  its  course  is  in 
a  valley  lying  l)etween  Anvil  Peak  on  the  east  anrl  a  lower  flat -topped 
ridge  on  the  west*  This  valley  is  comparatively  broad  and  is  not  _. 
symmetrical  in  cross  section,  as  the  east  side  rises  by  a  gentle  grass*  H 
covered  slope  to  an  elevotion  of  4(K)  or  5tK*  feet  above  the  sea.  wliereas 
ihe  dope  on  the  west  *side  is  much  .steeper.  The  creek  bed  is  trencthed 
to  a  de])th  of  20  or  ^10  feet  in  the  vnlley  floor,  leaving  a  slo[>inir  bench 
on  the  east  side,  with  no  corresponding  bench  on  the  west  side.  (See 
fig.  11,  p.  181).)  Tliis  jjcnch  is  more  or  less  covered  with  gravel  and 
slide  inalcrial,  and  near  its  lower  i'd^ri}  a  series  of  old  channels  rich  in 
j)lacer  gold  have  been  discovered. 

The  bed  I'ock  of  the  creek  is  composed  of  various  schists  belonging 
to  the  Nome  grou]).  In  general  these  rocks  strike  ap})roximately 
])arallel  with  the  creek  bed  and  dip  at  a  high  angle  both  east  and 
west.  They  are  faulted  in  many  places,  a  majority  of  the  fault 
planes  striking  a  little  east  of  north,  })arallel  with  the  general  course 
of  the  valley.  At  the  lower  end  of  the  valley  the  bed  rock  for  about 
half  a  mile  is  gra})liitic  schist.  Above  this  for  half  a  mile  it  is  a 
gray  chloritic  calcareous  schist,  and  above  this  there  are  belts  of 
l)()th  graphitic  and  (juartz-chlorite  schist.  All  these  rocks  contain 
small  stringers  and  veinlets  of  (juartz  and  calcite,  some  of  which  are 
mineralized  with  pyrite  and  other  sulphi(U^  minerals,  while  others 
contain  free  gold.  No  veins  of  economic  imi)ortance  had  been  dis- 
covered uj)  to  1!H);]. 

In  the  last  five  years  the  creek  has  produced  over  $r),00(),000  in 
gold.     The  discoveries  of  gold  which  fii'st  attracted  attention  to  the 
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its  gravels  have  not  produced  placer  gold  in  notable  amounts,  and 
this  part  of  the  valley  had  been  only  cursorily  examined  by  geolo- 
gists. Within  the  upland  the  flood  plain  of  Anvil  Creek  ranges  in 
width  from  300  feet  at  its  lower  end  to  about  50  feet  near  its  upper 
end.  The  gold  of  the  valley-floor  gravels  has  practically  been 
exhausted,  though  it  is  proposed  to  rework  some  of  the  gravels  by 
more  refined  methods  and  extract  the  small  values  that  may  be  left. 
Present  mining  operations  are  confined  to  the  gravels  found  in 
bench  deposits  along  the  east  wall  of  the  valley..  These  deposits 
have  been  described  by  Brooks'*  as  follows: 

The  gravels  of  the  creek  floor  have  aU  been  derived  from  within  the  basin 
and  include  the  various  types  of  bed  rock  which  have  been  described.  They 
have  a  thickness  varying  from  3  to  5  feet,  and  are  usually  covered  by  2  to  3 
feet  of  muck  and  clay.  The  gravels  generally  carry  pay  throughout  their 
thickness  and  are  all  put  through  the  sluice  boxes.  In  the  mining  operations 
from  1  to  2  feet  of  the  underlying  weathered  bed  rock  is  usually  found  to  carry 
values  and  is  sluiced  with  the  gravels.  The  richest  deposits  are  found  at  and 
in  the  bed  rock.  Where  the  creek  valley  broadens  out,  about  a  mile  above  its 
mouth,  bed  rock  has  not  been  reached  in  the  prospect  holes.  Some  gold  has 
been  found  on  a  layer  of  blue  clay  about  8  feet  below  the  surface.  This  gold, 
liowever,  is  flner  than  that  found  on  the  bed  rock  on  the  stream  above  and  the 
deposit  is  not  nearly  so  rich. 

Anvil  Creek  has  produced  gold  throughout  its  length  and  all  of  the  claims 
liave  paid  profits.  They  are,  however,  not  all  of  equal  richness,  and  this  is 
probably  due  to  the  fact  that  some  of  the  gold  has  been  contributed  by  the  old 
terraces,  which,  being  dissected  by  smaller  tributaries,  have  contributed  their 
gold  to  the  main  stream. 

The  bed  of  Anvil  Creek  for  nearly  3  miles  has  been  practically  all  worked 
over  once  during  the  last  two  years.  J^iture  developments  will  be  directed 
toward  the  bench  claims,  which  up  to  1900  were  practically  untouched,  aiid 
toward  reworking  the  creek  gravels  with  more  refine<l  methods  of  separation. 
In  the  lower  course  of  the  creek,  dredging  may  also  be  found  profitable. 

Anvil  Creek  gold  is  both  coarse  and  fine.  Nuggets  up  to  $3(K)  in  value  have 
been  found,  and  $2  and  $3  nuggets  are  very  common.  It  is  irregular,  generally 
chunky  rather  than  flat,  and  has  a  dark-yellow,  sometimes  almost  brown  color. 
The  fineness  of  the  gold,  according  to  Dr.  Cabell  Whitehead,  is  0.890,  or  $18.33 
per  ounce.  Quartz  and  fragments  of  a  schistose  rock  are  often  found  attached 
to  nuggets.  Among  the  heavier  minerals  in  the  concentrates  magnetite  and 
garnet  are  most  common  and  occasionally  scheelite  is  found. 

More  detailed  examinations  show  that  although  nearly  all  the 
gravels  of  the  creek  bed  have  been  derived  from  points  within  the 
basin  and  consist  of  the  various  types  of  rock  that  make  up  the 
Nome  group,  together  with  much  vein  quartz,  they  also  include  some 
granite  pebbles  and  bowlders  that  are  found  in  place  only  in  the 
Kigluaik  Mountains. 

The  irregularity  in  the  distribution  of  the  gold  is  no  doubt  in  part 
due,  as  Brooks  has  indicated,  to  a  reconceiitration  from  older  chan- 

•  Brooks,  A,  H.,  Richardson,  Q.  B.,  and  Collier,  A.  .T.,  Reconnaissances  In  the  Cape  Nome 
and  Norton  Bay  regions,  Alaska,  In  1900,  a  special  publication  of  the  U.  S.  Geol.  Survey, 
1901,  pp.  7^74. 
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The  bed  rock  throughout  the  Glacier  Creek  valley  is  nearly  all 
iloritic  mica  schist,  containing  small  beds  of  limestone  and  having 
me  graphitic  phases.  Small  veins  of  mineralized  quartz  are  corn- 
on.     Opposite  the  mouth  of  Snow  Gulch  there  is  a  mineralized  zone 

the  schist,  in  which  a  number  of  stringers  of  highly  mineralized 
lartz  follow  the  schistosity  of  the  bed  rock.  Some  of  these  string- 
's are  6  inches  thick  and  the  schist  between  them  is  also  impregnated 
ith  sulphides.  A  picked  specimen  of  the  ore  yielded  one-half  ounce 
E  gold  to  the  ton.  The  source  of  the  placer  gold  of  Glacier  Creek 
i  probably  in  such  veins  and  its  local  distribution  is  an  indication 
f  their  relative  number  and  richness  in  different  parts  of  the  bed 
ock. 

The  first  placers  found  in  this  basin  were  those  on  Snow  Gulch,  a 
mall  southerly  tributary  about  2  miles  from  the  mouth  of  Glacier 
reek.  This  gulch  carried  some  of  the  richest  placers  found  on  the 
^ninsula,  but  they  were  practically  exhausted  before  1903.     The  bed 

Glacier  Creek  for  3  miles  from  the  mouth  is  floored  with  gravel, 
tnerally  more  than  100  feet  wide  and  ranging  from  5  to  20  feet  or 
3re  in  depth.  The  lower  2  miles  of  this  flood  plain  are  known  to 
rry  gold  values  and  extensive  operations  have  been  inaugurated. 
^  reliable  estimate  of  the  amount  of  gold  to  the  cubic  yard  of 
avel  was  obtained.  Some  of  the  deposits  mined  previous  to  1903 
Ust  have  contained  more  than  $5  a  cubic  yard,  though  the  gold 
f^cr  of  the  gravels  worked  in  1903  was  probably  much  less.  Hy- 
B,ulic  monitors  and  elevators  supplied  with  water  from  the  Miocene 
tch  were  being  operated  at  two  places  in  1903. 
-A  mile  from  the  mouth  of  the  creek  the  gravel  deposit  had  a  thick- 
«^  of  about  20  feet  and  rested  upon  a  bed  rock  consisting  of  chloritic 
txist.  The  exposure  shows  2  or  3  feet  of  muck  and  soil  resting  upon 
or  12  feet  of  gravel.  The  pay  streak  is  said  to  be  300  feet  wide 
ic3  to  overlie  a  nearly  even  rock  floor.  It  carries  gold  through  a 
ickness  of  10  to  15  feet  and  extends  downward  in  the  crevices  of  the 
^1  rock  to  a  depth  of  1  to  3  feet.  The  gold  is  fine,  bright,  and  well 
Unded.  Opposite  the  mouth  of  Snow  Gulch  the  gravels  of  the  creek 
^  have  been  worked  since  the  summer  of  1900  and  have  probably 
I  been  handled  at  least  once.  A  hydraulic  plant  was  installed  in 
^  summer  of  1903  for  the  purpose  of  rewashing  these  gravels.  (See 
».  Ill,  A.) 

In  1903  mining  was  also  in  progress  about  one-half  mile  above  the 
^outh  of  Snow  Gulch,  where  a  force  of  men  was  shoveling  the  gravels 
^to  sluice  boxes,  to  which  water  was  supplied  from  the  bed  of  Glacier 
^k  by  a  short  ditch.  The  gravels  were  loose  and  probably  had 
)een  already  worked  over  once,  but  still  carried  sufficient  values  to 
warrant  sluicing  them  again.  Above  this  point,  although  prospect 
15004— Bull.  328—08 13 
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holf s,  short,  ditches,  and  crofvscuts  indicate  that  somo  mining  has  in^m 
done  in  the  creek  bed,  all  operationi^  had  ceased  by  1903  and,  so  far 
as  known  to  the  writers,  no  valuer  have  been  foun<l  in  the  gravels. 

Hot  Air  Benf:L — The  '*  Hot  Air  Ben  eh, '^  situated  on  the  right  bank 
uf  Glacier  Creek  opposite  the  mouth  of  Snow  Gulch,  is  an  old  channel 
de|>osit  rcRembling  those  of  the  Anvil  Creek  valley.  This  old  channel 
t»f  Glacier  Creek  wa.s  probably  abandoned  on  account  of  slides  from 
the  hill  above*  The  workings  are  about  100  feet  above  the  bed  of 
the  creek,  to  which  they  are  nearly  parallel  for  a  distance  of  400 
or  500  feeL  Although  the  surface  contour  gives  little  evidence  of 
a  bench  at  this  place,  the  excavations  have  disclosed  a  well-defined 
channel  which  runs  parallel  to  Glacier  Creek  and  whose  bed  lies  about 
20  feet  below  the  surface.  The  exposures  show  4  to  5  feet  of  vegetable 
matter  and  clay  resting  upon  4  to  5  feet  of  gravel  made  up  of  schist 
and  limestone^  with  a  few  pebbles  of  granite:  this  gravel  overlies 
eh  1  or i tic  schist  similar  to  that  in  the  bed  of  the  creek.  The  channel  in 
tiie  l>ed  rock  where  best  defined  has  a  width  of  alx)Ut  100  feet,  w^ith 
well-marked  rims  on  both  sides.  Near  the  east  end  of  the  deposit  the 
S4>uthwest  rim  is  broken  down  and  the  pay  streak  mantles  the  slope 
toward  Glacier  Creek.  Before  the  end  of  1903  the  gi*eater  part  of  the 
(*hannel  deposit  had  been  worked  out.  A  cut  was  made  through  the 
south  rim  and  through  this  cut  a  long  line  of  sluice  Ixjxes  carried  the 
gravel  and  tailings  to  ti lacier  Creek,  A  12-jnch  sluice  lx>x  was  used 
an 1 1  1 1  ] V  fivn vel  w a s  w a sh c c  1  i n t n  1 1  1  )y  u i e a n s  o f  n  h y f  1  rn u  1  i c  n oz z  1  v  a n <  1 
canvas  hose.  Water  was  obtained  through  a  ditch  about  3  miles  long 
from  Divining  Creek,  a  tributary  of  Snake  River.  During  the  melt- 
ing of  the  snow  in  the  spring  this  ditch  carried  about  150  miner's 
inches  of  water.  The  penstock  was  about  150  feet  al)ove  the  mine,  l)ut 
the  amount  of  water  in  the  ditch  was  not  sufficient  to  maintain  this 
head  with  a  i:i-inch  nozzle,  and  the  ju'essure  actually  used  in  the  mine 
was  ]U'()l)al)ly  not  far  from  30  feet.  A  part  of  the  deposit  was  hy- 
di'aulicked  with  water  lirouglit  in  from  Glacier  Creek  with  a  pressure 
of  not  more  than  50  fret.  At  the  east  end  the  boundary  of  the  deposit 
has  ai)parently  l)een  reached  where  the  pay  streak  turns  toward  Gla- 
cier Creek,  but  at  the  west  end  the  l)()undarv  is  not  so  sharply  defined, 
for  the  pixy  streak  thins  out.  The  gold  is  similar  to  that  of  (ilacier 
Creek.  The  total  production  is  generally  thought  to  have  l)een  not 
less  than  $(U)(),()()(),  hut  no  very  definite  figures  have  l)een  ()l)taine(l.  If 
this  estimate  is  anywher(^  near  riglit,  the  ])ay  streak  nuist  have  av(»r- 
aged  more  than  $50  to  the  cul)ic  yard.  Auriferous  gravels  are  said  to 
have  been  found  on  the  hill  slo])es  al)ove  the  Hot  Air  Bench  to  an  ele- 
vation of  several  hundred   feet,  which   suggests  that   there  may   be 
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mile  long,  has  a  fall  of  about  200  feet,  and,  except  in  the  spring  when 
the  snow  is  melting,  carries  only  a  few  inches  of  water.  The  bed 
rock  is  chloritic  schist  and  where  exposed  by  mining  operations  is 
nmch  fractured  and  sheared.  An  area  150  feet  long  and  10  or  12 
feet  wide  has  been  mined  out.  Here  2^  feet  of  auriferous  gravel  is 
overlain  by  5  or  6  feet  of  sandy  clay  and  a  foot  of  moss  and  muck. 
The  prospecting  indicates  that  the  pay  streak  extends  for  about  a 
quarter  of  a  mile  along  the  gulch  bed  and  that  it  probably  connects 
at  the  lower  end  with  the  pay  gravel  of  Glacier  Creek.  The  gold  is 
nearly  all  very  fine  and  well  rounded.  This  gulch  has  been  worked 
in  the  early  summer  by  the  use  of  snow  water,  with  which  the  over- 
burden is  sluiced  off,  and  the  pay  gravel  is  shoveled  into  sluice  boxes. 
If  a  proposed  plan  to  hydraulic  the  deposits  with  water  from  the 
Miocene  ditch  be  carried  out,  the  whole  gulch  bed  could  probably 
be  easily  mined  out  in  one  season. 

Snow  Gulch. — Snow  Gulch  joins  Glacier  Creek  about  2  miles  from 
Snake  River.    In  1900  Brooks  »  described  this  gulch  as  follows : 

Snow  Gulch  is  the  only  tributary  of  Glacier  Creek  which  has  thus  far  pro- 
duced gold.  It  joins  Glacier  Creek  about  3  [2]  miles  from  Snake  River.  Its 
source  lies  in  a  shallow  basin,  which  is  gravel  filled,  while  its  lower  course 
is  through  a  rather  sharply  cut  gorge ;  the  total  length  is  about  a  mile. 

The  bed  rock  near  the  mouth  of  Snow  Gulch  is  chloritic  schist,  and  the  strikes 
iire  about  at  right  angles  to  the  course  of  the  stream.  Near  its  head  some  blue 
limestones  are  exposed.  A  quartz  vein  near  the  divide  has  been  found  to  carry 
Home  gold.  The  gravels  are  3  or  4  feet  in  thickness  and  are  chiefly  quartz  and 
mica  schist 

Its  topographic  form  makes  Snow  Gulch  almost  ideal  for  the  concentration  of 
f^old.  In  point  of  fact  it  has  proved  the  richest  stream  of  its  size  so  far  discovered, 
for  in  the  two  seasons  that  it  has  been  worked  it  has  produced  upward  of  a  mil- 
lion dollars.  At  present  the  stream  gravels  have  been  practically  all  worked 
over,  so  that  the  gulch  has  reached  its  maximum  production. 

Stringer  veins  of  quartz  are  common  in  the  bed  rock,  and  near  the 
head  of  the  gulch  some  calcite  veins  showing  free  gold  have  been 
opened  up.  In  a  tunnel  which  pierces  the  divide  between  Snow 
Gulch  and  Anvil  Creek  the  chloritic  schist  and  limestone  bed  rock 
is  faulted  at  numerous  places  and  contains  many  small  stringers  and 
veins  of  mineralized  quartz  and  calcite,  assays  of  some  of  which 
showed  a  small  gold  content.  Veins  of  this  kind  arc  believed  to  be 
the  source  of  the  placer  gold  of  the  gulch.  As  stated  by  Brooks,  the 
Ijed  rock  has  been  swept  clean  of  gravel,  and  no  further  placer  min- 
ing is  possible. 

Rock  Creek."^^SUic\L  Creek  rises  in  Mount  Brynteson,  north  of 
Glacier  Creek,  and  flows  southwestward  to  Snake  River,  in  a  narrow 
trench  incised  in  the  sloping  valley  floor.     Its  bed  rock  is  gray  mica 

•  Brooiu,  A.  H.,  Richardson,  G.  B.,  and  Collier,  A.  J. :  Reconnaissances  in  the  Cape 
Nome  and  Norton  Bay  regions,  Alaska,  in  1900,  a  special  publication  of  the  U.  S. 
Oeol.  Surrey,  1001,  p.  75. 


Kchist^  with  some  iiitcrlw*<I<ltMl  lime.stont\  A  number  of  niinFralized 
quartz  veins  have  been  found  here,  aome  carrying  valuer.  These  veins 
strike  a  little  north  of  east* 

Gold  was  discovered  and  some  mining  was  done  on  Bock  Creek  in 
1S>00,  During  the  season 'of  IWB  five  claims  were  being  worked  on  the 
creek,  all  by  one  company*  Though  the  gravels  of  this  creek  have 
been  exploited  since  1900,  the  total  production  has  not  been  large,  but 
no  estimate  can  be  given. 

The  gravels  on  Rock  Ci'eek  are  about  5  feet  deep  and  range  in 
width  from  50  to  100  feet.  The  gold  is  distributed  throughout  the 
gravel.  It  is  rather  fine  and  is  saved  with  mercuiy,  but  a  few  mugb 
nuggets  have  l)een  found.  One  nuggt4  was  seen  which  inchided  a 
pie<5e  of  black  giaphitic  rock,  and  another  held  a  mineral  r^embling 
scheclite.  In  the  concentrates  scheelite  occurs  ui  subangidar  pieces, 
and  it  is  repoiled  that  a  vein  of  this  niinerah  3  or  4  inches  wide,  has 
l>een  uncovered  in  the  bed  rock*  In  addition  to  the  scheelite  the  con- 
centrates contain  magnetite,  limonite,  and  garnet.  The  concentrates 
are  saved  and  worked  over  hi  an  arrastre  with  mercury. 

Lindblom  and  Balto  creeks. — Lindblom  and  Balto  creeks  are  two 
small  sti^ams  wliicli,  like  Rock  Creek,  are  trenched  across  the  Snake 
River  valley  floor*  The  occurrence  of  the  go  hi  is  similar  to  that  on 
R(K*k  Ci^ek.  In  1003  only  one  claim  on  each  of  thesse  creeks  was 
worked,  and  the  total  production  was  small  A  ditch  was  then  under 
< -on  struct  ion  to  l^ritig  waiter  from  (.irous^j  Creek  for  liyd  ran  licking  ou 
Balto  Creek! 

Boulder  Creek. — Boulder  Creek,  about  5  milet*  long,  empties  into 
Snake  River  from  the  west  about  8i  miles  in  a  direct  line  from  the 
coast,  and  can  be  reached  by  wagon  I'oad  crossing  (ilacier  and  Rock 
creeks.     Its  lower  course  for  al)out  a  mile  traverses  the  gently  slopinir 
valley  floor  of  Snake  River,  alcove  which  it  occupies  a  dee])  V-shaped 
valley  cut  in  limestones  and  calcareous  graphitic  schists  of  the  Nome 
group.    Tt  carries  between  50  and  200  inches  of  water.    Twin  Moun- 
tain Creek,  its  most  important  tributary,  joins  it  from  the  north  *2 
miles  from  Snake  River.    The  gravels  carry  many  bowlders  of  miciv 
schist  up  to  )]  feet  in  diameter.     Several  quartz  veins,  the  largest    r> 
inches  wide,  were  s(mmi  cutting  a  flaggy  limestone  that  outcrops  nei^^v 
the  mouth  of  Boulder  Creek.     The  best  assays  from  them  are  said   ^^^^ 
have  shown  from  $^^  to  $4  to  the  ton  in  gold.     Attempts  to  develc    -»p 
quartz  veins  have  been  nunle  at  sev(M"al  places,  but  without  success. 

Coloi's  of  gold  were  found  Ikmv  in  11K)0,  l)ut  in  1008  only  a  few  m  -^'i' 
were  at  work,  and  they  claimed  to  be  making  no  more  than  wafj^-^"^- 
The  gold  is  coarse  and  easilv  saved;  the  largest  nuggets  have  a  vaB^  ^'^ 

h. 
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On  Twin  Mountain  Creek  the  gravel  deposit  is  shallow  and  not 
more  than  a  few  feet  wide.  Mining  here  seems  to  have  been  un- 
profitable, as  the  miners  left  their  claims  during  the  season  of  1903  to 
work  for  wages. 

Last  Chance  Creek. — ^Last  Chance  Creek  empties  into  North  Fork 
of  Snake  River  from  the  west  side,  about  16  miles  from  Nome  in  a 
direct  line,  but  the  distance  by  the  wagon  trail,  which  follows  the 
bed  of  Snake  River  above  Prospect  Creek,  is  much  greater.  The 
creek  is  between  3  and  4  miles  long,  and  occupies  a  V-shaped 
valley  between  hills  about  2,200  feet  high.  The  country  rocks  are 
graphitic,  calcareous,  and  chloritic  mica  schists.  Gold  was  discovered 
on  the  creek  in  1900  and  rather  extensive  prospecting  was  done  in 
1901  by  a  company  that  disposed  of  its  holdings  at  the  end  of  the 
season.  In  1903  a  small  force  of  men  worked  on  the  creek  during  a 
part  of  the  season.  The  small  amount  of  gold  obtained  is  coarse, 
rather  rough,  and  bright. 

Grub  Gulch. — Grub  Gulch,  a  small  stream  running  into  Snake 
River  from  the  east,  about  IJ  miles  above  the  mouth  of  North  Fork, 
carries  about  50  inches  of  water.  It  can  be  reached  by  a  rough 
wagon  road  over  a  low  divide  from  Nome  River.  The  gulch  has  a 
narrow  valley  cut  through  mica  schists,  and  its  gravel  consists  of 
schist  and  vein-quartz  pebbles.  On  a  claim  worked  in  1903  the  pay 
streak  is  said  to  have  had  an  average  width  of  about  40  feet,  and  a 
thickness  of  5  to  6  feet,  and  to  have  yielded  2^  cents  to  the  pan.  The 
gold  is  rather  rough  and  coarse,  the  largest  nugget  reported  being 
worth  about  $1.75. 

Goldbottom  Creek. — Goldbottom  Creek,  which  joins  Grouse  Creek 
about  16  miles  from  the  coast  to  form  Snake  River,  rises  west  of 
Mount  Distin  and  flows  in  a  southerly  direction.  It  has  not  been  ex- 
amined by  members  of  the  United  States  Geological  Survey,  but  it 
is  reported  that  some  claims  were  worked  in  a  small  way  during  the 
season  of  1903,  and  that  the  results  were  not  encouraging.  A  sample 
of  the  concentrates  obtained  from  A.  W.  Lane  contained  a  few 
pieces  of  stream  tin. 

Grouse  Creek. — Grouse  Creek  rises  on  the  east  side  of  Mount  Distin 
and  flows  southward  to  its  junction  with  Goldbottom  Creek.  It 
carries  a  large  volume  of  water  and  is  the  objective  point  of  several 
proposed  ditches.  Its  valley  is  V-shaped  and  has  a  grade  of  about 
200  feet  to  the  mile.  The  bed  rock  at  the  mouth  is  chloritic  mica 
schist  of  the  Nome  group ;  its  headwaters  are  in  massive  limestone. 
One  claim,  about  a  mile  from  the  mouth,  was  worked  during  1903. 
Here  three  men  were  employed  and  report  taking  out  more  than 
$2,000.  The  gold  is  mostly  bright  and  rough,  ranging  from  very 
fine  dust  to  nuggets  weighing  2  pennyweights.    The  pay  streak, 
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aboiit  40  fec^l  wide  and  from  1  to  ^  feet  thick,  is  made  up  of  coarne 
gniveK  <-'lii**fly  limestoue  pebbles,  and  ri^ts  upon  ti  liuio.stone  bed 
rot'k,     TUe  t*oiicenlmte.s  hit  composed  mostly  of  hemiititti  jxilibies, 

IMTEOD  UCnOK . 

Under  this  he^nlii^g  will  lie  de^crdx'd  Hie  placers  occurring  at 
nlti tildes  muging  from  500  to  BOO  fe**t  above  the  sea*  {See  fig.  T, 
p,  150*)  These  placL^i'H  aiv  the  elevated  rciiuuintK  ivf  deposits*  made 
by  an  older  drainage  system,  which  have  been  dissected,  and,  for 
the  most  part,  removed*  Although  the  workable  plaoei's  of  this 
Icind  t^o  far  found  are  limited  to  the  Anvil  :iud  Dexter  Creek  ii*gion, 
the  evidence  of  the  epcjch  of  erosion  during  which  they  were  formed 
has  been  found  in  various  parts  of  the  peuin^uhi,  and  tlwiT  is  u 
strtaig  probability  that  other  workable  high-bench  placei's  wili  yet 
be  found* 

The  discovery  of  these  high  gravels  must  be  credited  to  Schrader 
and  Brooke  who  also  forecasted  that  they  were  likely  to  prnv^  aurif- 
erous. The  foHowing  passage-s  are  quoted  from  the  fir^t  report  an 
this  region:" 

f^tue  8  njUess  north  of  Nome,  lietween  tbe  hearts  of  Anvil  nnd  Dexter  ereeks. 
In  tUe  I'ejflou  of  Mouut  King,  wonm  t^nchlug  and  gntvel  terrneeii*  »etMijftifi)) 
!imriiu\  Wfiv  nbst^rvcHl  nii  tli+^  Io\wr  sK>ih^n  *)f  llie  TinHuitjiIriHs  uf>  to  i\  UHi^lit  iff 
aLunit    l.JNK^   fm^t    Ifstiiiiau^l].     They    utvur   nt    in-e;ailjir    iuttMYJiU    :uul    ui;irlc 

successive  stages  in  an  elevation  of  the  land  which  is  probahly  still  in  i)rojLcres?-i- 

'Hie  trravels  of  the  terraces  on  the  mountain  sloi)es  which  have  already  bet^Ki  ~i 
described,  have  a  similar  oriijin  to  those  of  the  coastal  i)lain  and  are  i)rol>ahl,^i 
of  I  similar  cliara<-ter.  We  can  .indite  of  this  only  by  inference,  as  we  iinfoir^ 
tunately  found  no  section  of  these  irravels  exiH)sed. 


As  lias  been  exi>lained.  tliesi^  benches  and  terraces  have  n  similar  origin  tr 
ilint  of  the  tuinlra  plain  and,  as  their  material  has  a  similar  source,  they  atL 
likely  1o  contain  gold. 

The  al)()vo  was  published  before  a  single  high  bench  had  l)e(^ 
j)r()si)ecte(l.  Two  clniius  were  o])ened  u])  in  1^00  and  yielded  aboi 
^ir)().()()().  At  tlie  close  of  the  second  season's  investigations,  Brool-- 
said:''  '' (\)nii)Mratively  little  investigation  has  been  made  of  the^ 
high  gravels,  but  they  will  probably  become  important  go'' 
])r<)duccrs/' 

These  jjrcdictions  have  been  abundantly  verified,  for  during  t^ 
last    liv(»   years    these    high-bench    ])lacers    have    ])roduced    ])robal^^ 


_it 


hi 
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$2,000,000  in  gold.  They  have  contributed  especially  to  the  pros- 
perity of  the  district  because  they  have  afforded  a  field  for  winter 
work.  Nearly  all  the  mining  operations  on  the  high-bench  deposits 
have  been  made  by  sinking  shafts  and  drifting  on  the  pay  streak, 
with  the  aid  of  steam  thawers.  If  water  could  be  brought  to  this 
high  level  at  not  too  great  a  cost,  there  is  no  question  that  all  these 
deposits  of  gravel  could  be  sluiced  at  a  profit. 

OEKEKAL  DESCRIFTIOir. 

The  high-bench  placers  occur  in  alluvial  deposits  forming  terraces 
and  fiat  saddles  at  altitudes  of  500  to  800  feet  in  the  divides  which 
separate  Anvil  and  Dexter  creeks  and  Dry  and  Dexter  creeks.  This 
same  level  of  erosion  and  deposition  has  been  recognized  in  other 
parts  of  the  region,  but  the  deposits  elsewhere  have  not  yet  l)een 
proved  to  carry  workable  placers.  They  have,  however,  l)een  but 
little  prospected. 

Some  of  the  high  benches  are  cut  on  bed  rock;  others  are  deeply 
buried  in  gravel,  as  on  the  Anvil-Dexter  Creek  divide.  In  the  region 
lying  west  of  Nome  River  rounded  granite  and  gneiss  bowlders  from 
the  Kigluaik  Mountains  are  strewn  over  many  of  the  benches  up  to 
this  level.  These  bowlders  have,  in  part  at  least,  been  brought  in  by 
floating  ice  during  a  period  of  submergence.  In  two  of  the  localities 
under  discusvsion  such  pebbles  and  bowlders  of  foreign  origin  are 
iistributed  throughout  the  gravels;  in  a  third  the  foreign  material 
s  found  only  at  the  surface,  and  the  greater  part  of  the  deposit, 
ncluding  the  pay  streaks,  is  of  local  origin.  No  fossil  remains  have 
>een  seen  in  any  of  these  deposits,  although  marine  fossils  have  been 
'eported  from  one  of  the  prospect  holes.  In  one  or  two  places  a  shin- 
ji^lLng  in  the  gravel  has  been  observed,  which  indicates  deposition  by 
;treani  action. 

HIOH-BEirCH  PLACERS  OF  Kliro  HOTJKTAIK. 

On  the  south  slope  of  King  Mountain  a  broad,  sloping  bench  lying 
between  600  and  650  feet  above  the  sea  stretches  from  the  head  of 
S^ekula  Gulch  S.  60°  E.  for  about  half  a  mile,  crossing  the  Anvil- 
Dexter  Creek  divide  at  right  angles.  (See  fig.  12  and  topographic 
Tiap,  PL  VIII,  in  pocket.)  At  the  west  end  of  this  bench  the  surface 
dopes  down  to  Nekula  Gulch,  a  tributary  of  Anvil  Creek ;  to  the  east 
:he  level  surface  breaks  off  to  a  slope  which  stretches  to  Nome  River. 

Gold-bearing  gravels  have  been  found  in  several  deep  shafts  and 
^pen  cuts  along  the  line  of  this  bench  for  a  distance  of  about  3,000 
feet.  The  productive  mines  of  this  belt  are  known  as  the  Caribou 
Bill,  Mattie,  Madeline,  Lena,  Snowflake,  Honey,  and  Sugar.  Dur- 
ing the  summer  of  1903  only  the  workings  of  the  Caribou  Bill,  Mat- 
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lie,  and  Snowflake  were  ficceasible.  Although  the  surface  of  the 
bench  viiries  nlightly  in  elevation  and  at  the  wesst  end  is  dissected  by 

Xekiila  Giiloh,  the  slmfts  penetrating  to  ted  ruck  reach  a  pay  strenk 
at  a  nearly  uniform  elevation  above  the  sea,  thus  indicating  that  the 
floor  an  which  most  of  the  depositti  wei*f»  laid  was  approximately  liori- 

gonial  and  bud  an  elevation  of  050  to  TOO  feet. 

Tin*  \mi  vm*k  h  princ^i pally  iuiich-deeom|>ot3ed  clilonte^mica  schist, 

with  which  ar^  interln^dded  some  comparatively  masjsive  bed^  of  liriie- 
fctorie  whost*  rektiou  to  the  sehij^t  has  jiot  been  determined.  (Sec  pp. 
71-73,)  The  upper  few  feet  of  the  grravels  of  the  bench  contain  scat- 
tered waterworn  IwwlderH  of  gnmite,  but  lower  down  the  gravels 
include  only  pebbles  derived  from  the  schist  and  the  limestone  of  the 
tidjacent  bed  rock,  Thwy  are  in  general  not  greatly  water wonu  ft 
hili0it  rouiuliag  of  tlje  edges  and  corners  bein^  the  only  evidence  of  t 
\Yater  erosion.  All  the  pebbles  are  deeply  weathered  and  partially  --- 
decompostnl.     The  surface  of  the  bed  rock  upon  which  the  gravel    _M 

«](*postts  rest  is  more  or  less  irregidar  and  some  gravel  deposits  have 

been  found  below  masses  of  schist  that  appear  at  first  sight  to  be  iiL^^ 
place,  but  are  evidently  slides  from  the  hill  slopeis  alx>ve.  In  somer^^ 
places  the  limits  of  the  pay  streak  are  well  defiued  and  lie  in  a  betl- 
rock  channel;  in  others  no  defijiite  channel  rims  have  bt^en  found,  and 
in  one  place  at  leaj*t  the  pay  streak  leaves  the  schist  bed  rock  and  man- 
tles an  ohicr  deiK:>sit  of  gravel.  A  sketch  map  and  profile  of  thi^  ^ 
l)cncli  showing  the  relative  elevations  of  the  surface,  pay  streaks,  anc  ^al 
bed  I'ock  at  the  various  openings,  is  given  in  fig.  12. 

At  the  Caril)(>u  Hill  mine,  near  Xekula  Gulch,  the  bed  rock  of  th»     ^^ 
hciicli  (•r()j)s  out  at  an  eh^vation  of  about  525  feet  above  the  sea.     I    ^3t 
consists  of  limestone  and  deconiposed  calcareous  schist.    Gold-bearing     -il 
grav(»ls  fill  a  great  cavern  or  crevice  in  the  bed  rock.    Here  a  pit  aboi»^    it 
;>()  by  50  feet  and  20  feet  deep  has  been  excavated.    The  lateral  dimei'^  ^*^ 
si()n>  of  the  deposit  are  well  deiined,  but  it  extends  nearly  00  feet  i  _^ii^ 
(lej)th  and  its  origin  is  difiicult  of  interpretation  from  th?  evidence  i^F    i^^ 
Jiand.     It  seems  j)i<)l)al)le.  however,  that  the  gold-l)earing  gravels  ha\^'^   ve 
been  carried  into  a  ca\ei"n  of  the  limestone  and  calcareous  schist  air^^^nul 
deposited   by   a   stream   of   water.     The   gravel   ccmsists   of   slight    z:0^^y 
rounded  j)el)l)les  of  schist  and  linu^stone  cemented  with  yellow  chi^^^'iy- 
Tliis  ])lacer  is  of  extraordinary  richness,  and  $20  to  the  pan  was  n^r  :MH>t 
iincommon  in  the  material  excavated.   Collier  saw  one  pan  of  the  maP^   .^te- 
rial  which  yielded  about  $7.     This  sam|)le  consisted  of  fragments  of 

schist   bound  together  by  yellow  clay,  and  the  colors  of  gold  cor   ..miihl 
be  leadilv  seen  before  i)anning.     It   is  estinnited  that  the  excavati^i^t^^/ 
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The  lower  workings  of  the  Mattie  claim  lie  about  100  yards  south- 
east of  the  pit  just  described.  At  the  west  end  the  bed  rock  outcrops 
it  an  elevation  of  about  525  feet  and  the  surface  of  the  ground  rises 
;oward  the  east,  so  that  the  excavations,  which  followed  the  horizontal 
surface  of  the  bed  rock,  exposed  a  face  of  gravel  about  30  feet  high  at 
he  east  end.     This  pit  is  about  50  feet  wide  and  150  feet  long. 

The  Mattie  claim  was  the  first  of  the  high-bench  claims  to  be 
leveloped  in  the  Nome  region.    The  lower  end  of  the  claim  touches 
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Fig.  12. — Sketch  map  and  protile  of  high-bench  gravels  south  of  King  Mountain. 

S^ekula  Gulch,  a  small  tributary  of  Anvil  Creek,  which  was  staked 
md  prospected  to  some  extent  in  1899.  Early  in  1900  rich  pay  gravels 
^ere  discovered  on  the  Mattie  cjaim  and  during  that  season  about 
^0,000  in  gold  was  taken  out;  the  claim  then  sold  for  $100,000.  One 
)f  the  original  owners  of  the  claim  informed  Mr.  Collier  that  the 
jravel  mined  in  1900  averaged  about  3*5  cents  to  a  6-pan  bucket, 
sfrhich  is  about  equal  to  $9  per  cubic  yard. 
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The  Ijetl  rock  k  faulted  aiitl  ytherwij^^  bo  uun'h  disturb*.^d  that  in 
small  aroii  i>xi)osmI  hy  mining  *i[R*ni(it>ns  it  vnrios  fri'oiUly  ii^  dif>  and' 
strike.  It  'conHis^ts  of  allermUiiif^  lliin  hiycrs  *if  mica  or  rhlorite 
scliist,  i^aphitic  ^duHt,  and  ciilcari^oiis  schist,  with  ^onit;  }}eds  of  Huies^ 
>iUmiK  There  is  little  ihmin  tlmt  it  i^  rliieliy  of  stKlimentary  origin, 
hut  it  may  contuin  ^mie  ignetms  iniitt^riaL  Many  small  vlmus  of 
qiiariz  an^  ])rt^sent,  BOtnt»  of  whit*h  tnit  Mt*ro«.s  the  bed*ling,  following 
tlie  fault  liniiH,  while  others  lie  parallel  in  the  bedtling  [danes.  The 
largest  of  these  veiub  is  a  lenticular  mass  which  thins  out  ra])idly  and 
d(>es  not  extend  fan  Sinnple,s  of  nuarl/.  from  several  of  these  veins 
when  assay e< I  were  found  to  contaiJi  tratrs  of  gold/' 

In  the  face  of  this  mine  aboijl  ^10  feet  of  gravels  are  expt)scHU  show- 
ing the  following  sectirnis  from  tht*  sm^faee  (hnvn  :  LigJit  sandy  wash, 
containing  some  peljbles,  T*  or  G  feel:  gruveU  L'a  feet;  and  scliist  bed 
rock*  Two  kimls  of  gravel  cuuhl  be  dlistiiiguislied;  one,  comprising  a 
body  of  gi*avel  near  the  west  end  of  the  cut,  wa>5  well  stratified  and 
consisted  of  lighd>rown  clayey  sinbrnenl,  with  fijit  pebblen  arraogetl 
parallel  to  the  stratitiration.  Near  tlie  east  end  i*f  the  cut  tlie  gi-avel^ 
defKjsit  was  more  irregular  and  contained  more  vln\\  Aljont  10  ft^e^ 
above  the  \m]  rock  at  the  east  vml  tliere  was  a  body  of  well-stratihed 
sanily  ciny  or  silt  dear  id'  all  j>ebbles.  The  ricli  [my  strt*ak  lies  upon 
Ijed  rock  and  the  gold  was  found  in  crevices  <?f  the  st-hist  to  a  deptli  of 
several  feet.  The  gr>kl  is  mostly  bright  sind  n(>t  water  worn,  and 
av^erages  10  or  12  pieces  to  Die  cent. 

This  mine  was  worked  by  hych'aulic  methods,  with  wattn*  from  a 
ditch  about  100  tVct  above  the  rock  floor,  supplied  from  tlie  pinnping 
I)lant  on  Snake  Kiver.  The  graxcl  was  piped  into  a  -JOO-foot  lengtli 
of  sluice  box,  placed  in  a  bed-rock  drain  abont  (>  feet  deep,  near  the 
lower  end.  After  most  of  the  gravel  had  Ikhmi  washed  through  this 
flume,  the  bed  I'ock  was  picked  up  by  hand  to  a  depth  of  about  -J  feet 
and,  after  washing  in  the  sluice  boxes,  the  largei*  slabs  were  stacked 
in  the  cut.  The  ui)p(M'  workings  of  this  claim,  opeutul  in  1004,  are 
about  800  yai'ds  northeast  of  the  oj)ening  just  described,  at  an  eleva- 
tion of  about  i\'2^)  feet  above  the  sea,  and  are  reached  by  a  shaft  (»r) 
feet  deej),  indicating  that  the  bed  rock  hei-e  is  about  r)0  feet  higluM^ 
than  tluit  in  the  lower  workings,  where  it  is  about  510  feet  above  the* 
s(»a.     This  section  is  as  follows: 


Sf'ctiofi  at  iipjK  r  irorLiiif/s  of   Mtittir  i-hiini,  Kin<t  Moinitain. 
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The  pay  streak  lies  in  a  definite  bed-rock  channel  from  15  to  150 
feet  wide.  It  has  been  traced  for  about  half  a  mile  and  is  identical 
with  the  pay  channel  of  the  Lena.  Honey,  and  Snowflake  mines. 

The  main  shaft  of  the  Snowflake  mine  is  located  on  the  south 
flank  of  King  Mountain  about  1,200  feet  S.  60°  E.  from  the  workings 
of  the  Mattie  and  625  feet  above  sea  level.  The  surface  is  here  nearly 
level  and  appears  to  be  a  l>ench.  A  shaft  130  feet  deep  reaches  bed 
rock,  which  has  an  elevation  of  about  495  feet.  The  section  from  the 
surface  down  is  as  follows : 

Section  at  finowflakr  niinv.  King  Mountain. 

Feet. 

Muck  and  gravel  contnluing  granite  and  gneiss  lK»wUiers 5 

Silts  and  gravels  of  local  origin 12r> 

Quartz-ell  lor  ite  schist  bed  rock. 

The  lower  3  to  9  feet  of  the  gravel  is  gold  bearing.     The  pay  gravel 
IS  of  local  origin  and  consists  of  pebbles  of  chloritic  schist,  limestone, 
and  vein  quartz.    Many  of  the  pebbles,  as  well  as  the  upper  part  of 
the  bed  rock,  are  much  weathered.     From  the  bottom  of  the  shaft 
the  mine  workings  extend  about  S.  60°  E.  and  X.  60°  W.  toward  the 
Mattie  mine  on  the  one  hand  and  the  Sugar  mine  on  the  other.     The 
pay  streak  has  an  average  width  of  about  100  feet  and  is  l)ounded  on 
the  north  and  south  by  appreciable  rises  in  the  bed  rock,  regarded  by 
the  miners  as  the  rims  of  an  old  channel.     On  the  north  side  the  rim 
merges  with  the  slope  of  the  hill;  on  the  south  side  it  rises  only  a 
foot  or  so  above  the  level  of  the  pay  streak.     About  70  feet  east  of 
the  foo^  Qf  fi^Q  shaft  the  bed  rock  disappears  below  a  layer  of  barren 
S'^^el,  which  is  called  by  the  miners  ''  old  run  gravel,"  on  account 
^*  ^t:s  position  underlying  the  pay  streak  and  the  more  weathered  con- 
dition of  the  pebbles.     A  winze  has  been  sunk  below  the  main  pay 
streak  70  feet  east  of  the  main  shaft.     Bed  rock,  overlain  by  a  second 
P^y  streak,  was  reached  at  a  depth  of  100  feet.     This  lower  pay  streak 
^^^  not  yet  been  developed  nor  its  limits  determined  in  1903.     The 
low^P  part  of  this  winze  descends  for  15  or  20  feet  along  a  wall  of 
^®^>>mposed  schist  that  marks  the  southwestern  limit  of  the  gravel 
^jK)sit.     Near  the  contact  l)etween  this  schist  and  the  gravel  the 
^^ist  shows  slickensiding,  indicating  a  fault  striking  approximately 
.  ^^thwest  and  southeast.     This  fault  possibly  antedates  the  depos- 
^^  gravel,  as  the  main  pay  streak  has  not  been  atfected  by  it. 
^he  gravels  outside  of  these  pay  streaks  are  known  to  carry  some 
Y^^'^,  which  is  probably  not  very  regularly  distributed  through  them. 
^  ^^  zone  of  perpetual  frost  extends  from  the  surface  downward  to  a 
^^^th  of  90  feet.     The  workings  of  the  mine  on  both  the  180-foot 
^^^  230-foot  levels  are  in  unfrozen  ground.     At  these  depths  the 
^Ivels  are  comparatively  dry,  and  water  penetrates  only  along  the 
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shaft,  The?  gtjid  is  bright  in  color  and  comparatively  coarse,  the 
flverage-sixed  pi**ceft  being  not  far  from  1  cent  in  value.  Tlie  largest 
nugget  thus  far  founcl  wtMghed  1*  ounces  and  9  pennyweights.  This 
gold  shows  little  evidence  of  stream  erosion ;  the  points  and  corners 
of  few  pietvs  nn*  battered,  and  many  *4mall  octahedrons  are  preserved. 
A  few  of  the  nuggets  still  include  pieces  of  quartz  and  calcite.  The 
gold  in  nearly  all  the  larger  nuggets  is  porous  and  honeyctmibetl, 
|>robably  by  cavities  from  whiHi  the  a?^s<jciated  nnnerah  have  l^eeu 
weathered  out.  Many  at  the  large  nuggets  are  t^o  porous  that  they 
can  l>e  readily  broken  w^ith  the  fingei-s. 

In  the  w^orkings  of  thi^  mine  a  gangway  was^  driven  as  nearly  a;^ 
possible  along  the  center  of  the  pay  streak  to  the  boundaries  of  the 
pro|>erty,  and  crosscuts  were  then  driven  at  intervals  to  the  limits 
of  the  pay.  The  mining  began  at  the  remote  end  of  the  gangii^ay^ 
and  as  the  pay  gravel  was  removed  the  timbers  were  withdrawn. 
The  pay  gravel  was  moved  to  the  foot  of  the  shaft  in  cars  and 
raised  by,  a  si  earn  hoist.  On  the  surftice  the  cars  were  run  on  an 
elevated  track  to  a  higli  dump.  This  tlump  was  sluiced  early  in 
spring  with  water  obtained  from  melting  snow.  In  order  tu  pro- 
cure sufficient  snow  water  for  this  pm^pose  fences  were  built  on  the 
hillside  above  the  mine  during  the  winter,  causing  drifts  to  form. 
liy  this  means  sufficient  snow  was  accumulated  ti*  fuiTiish  water  to 
wasli  the  dump  mined  during  tlie  winter.  It  is  prtjbably  impossi- 
ble to  mine  gi-aveb  at  le^s  than  $t>  or  $7  a  cubic  yard  by  this  niethoth  ___ 
jjiid  imly  the  ricliest  pnvt  was  ttiken  out. 

The  main  shaft  of  tlie  Sugar  mine  lies  about  600  feet  southeastiz^Wr 

of  tlie  Snowflake  shaft,  at  an  elevation  of  ()00  feet  above  the  sea        

During  the  summer  of  WO^l  the  deep  workings  of  this  mine  wei'i__^^»*.' 
not  accessible,  for  the  mine  had  been  developed  in  winter  from  i  ^s-a 
t(»ni])()rarv  shaft,  which  had  caved  in.  At  a  depth  of  about  lOG^  ^0 
feet  a  lO-foot  pay  streak  of  wliat  is  reported  to  be  rather  low-grad  ^^^e 
gravel  was  encountered.  This  pay  api)ears  to  rest  upon  an  olde-^b=*er 
deposit  of  gravel  that  is  similar  to  that  in  the  Snowflake  miiMT  :»iie 
and  ])robably  continues  with  it.  The  gravel  below  the  main  piL-^^^siy 
streak  of  the  Sugar  mine  has  been  prospected  by  means  of  dri.^  ^ill 
holes,  which  reached  bed  rock  at  a  depth  of  205  feet.  Above  tlL^^  -^lis 
bed   rock  some   gold-bearing  gravel   was   found,  but   no   details  in 

regard  to  the  (lei)()sit  are  known  to  the  writers.     Gold  was  discover-  — ^M'ed 
on  the  Sugar  claim  in  11)01,  and  since  then  considerable  anriferoc:     ->us 
g^a^el   has   l)een    taken   out    and    washed    with    snow    water    in    tiz^Htlie 
spring.     Up  to  the  time  of  visit   (1903)  only  the  pay  streak  on  Wi^he 
l()()-f()ot  level  had  been  worked. 

Considerable  prospecting  has  been  done  to  determine  the  ext  •^'z;- 
sion  of  the  ]3av  streak  on  other  claims  to  the  southeast  of  the  Su^/^/' 
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or  25  feet  lower  than  the  surface  of  the  Sugar  mine,  a  100-foot 
shaft  shows  the  following  section: 

Section  in  shaft  300  feet  southeast  of  Sugar  mine.  King  Mountain. 

Ft.     in. 

Muck  and  silt 4 

Loose  blue  gravel  containing  a  few  colors 25 

Decomposed  chlorite  schist Til 

Washed  gravel  and  schist 10 

Schist 20 

At  the  80- foot  level  the  decomposed  schist  contains  a  10-inch  streak 
of  washed  gravel,  below  which  the  schist  is  very  hard  all  the  way  to 
the  bottom  of  the  shaft.  This  gravel  bed  is  about  495  feet  above  sea 
level  and  not  far  from  the  level  of  the  upper  pay  streak  in  the  Sugar 
and  Honey  mines.  From  the  bottom  of  the  shaft  a  tunnel  was  driven 
westward  through  hard  schist  for  15  feet,  beyond  which  the  rock 
shaded  into  a  soft,  decomposed  schist  containing  some  washed  gravel. 
The  drift  was  continued  for  a  distance  of  85  feet  to  the  boundary  of 
the  property,  where  an  upraise  was  made  and  at  the  80-foot  level  a 
layer  of  washed  gravel,  3  feet  in  thickness  and  containing  one-half 
cent  in  gold  to  the  pan,  was  found.  Above  this  gravel  there  were  10 
inches  of  decomposed  schist  underlying  3  feet  more  of  gravel,  above 
which  the  hard  schist  was  again  found.  A  tunnel  was  also  driven 
for  35  feet  north  from  the  bottom  of  the  shaft,  encountering  nothing 
but  schist.  An  upraise  from  the  end  of  this  tunnel  revealed  no 
gravel.  From  the  80-foot  level  a  tunnel  was  driven  northward  fol- 
lowing the  thin  layer  of  gravel  mentioned  above,  but  this  bed  pinched 
out  in  10  feet.  A  tunnel  was  also  driven  southward  for  60  feet,  but 
here  the  washed  gravel  also  pinched  out  in  a  distance  of  20  feet,  and 
at  the  end  of  the  drift  only  decomposed  schist  was  found. 

About  100  feet  southwest  o^  this  shaft  a  prospect  hole  has  been 
simk  to  a  depth  of  40  feet  in  washed  gravel  without  reaching  the  bed 
rock.  The  gravels  thrown  out  consist  of  watei:worn  material  mixed 
with  sand.  The  section  reported  is  as  follows:  Brown  gravel,  20 
feet;  gravel  and  blue  clay,  4  feet;  gravel  and  yellow  sandy  clay,  16 
feet.     No  pay  streak  was  located. 

A  tunnel  has  also  been  driven  northwestward,  starting  on  bed  rock 
in  Grouse  Gulch,  480  feet  above  the  sea,  toward  the  workings  of  the 
Sugar  mine,  which  are  about  500  feet  away.  It  is  reported  that  the 
bed  rock  here  showed  some  irregularities,  and  the  gravels  carried 
values  in  the  depressions,  but  also  carried  some  colors  of  gold  on  the 
raises.  On  the  dump  from  this  tunnel,  which  has  caved  in,  were 
found  gravels  made  up  of  schist,  limestone,  and  vein  quartz.  Some 
of  the  schist  pebbles  carry  -small  veins  of  quartz. 

To  summarize,  auriferous  gravels  have  been  found  more  or  less 
continuously  from  Nekula  Gulch  westward  to  the  head  of  Grouse 
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Gulch,  a  distano?  of  (ibont  Iialf  a  mile,  but  have  not  Wn  trum 
beyund.  An  upper  pay  streak,  in  part  confined  to  a  defiuit-e  be 
ruck  channt^l  and  in  part  rt^stin;^  upon  an  older  gravel  Ix^d,  has  be* 
truet^^d  almost  continuoui^ly  throughoat  this  distanco.  This  pay  strei 
has  ati  elevation  of  568  fct't  at  its  west  end  and  490  feet  at  the  ea 
end.  A  lower  pay  streak  noar  the  west  end  of  Uie  bench  lie^  at  j 
t*levation  of  about  b2b  ^eet,  and  one  near  the  east  end  at  abont  4* 
feet,  but  the  two  localities  are  half  a  mile  apart  and  their  contimii 
has  not  been  established.  The  lower  deposit  at  the  east  end  is, 
course,  older  than  that  overlying  it,  but  there  is  at  present  no  eviden 
available  to  show  the  relative  ages  of  the  upper  and  lower  pay  strea 
jiear  the  west  end.  The  overburden  of  these  deposits  is  distributi 
over  a  much  larger  area  than  that  covered  by  the  pay  graveL  It 
made  up  of  material  which  wajs  probably  contributed  mainly  1 
slitles  from  the  surrounding  hills  and  only  to  a  slight  extent  roll 
and  sorted  by  water  action,  but  its  upper  part  contains  alluvin 
transported  from  a  distance.  The  pay  gi'avel  is  all  of  loc^l  orig 
and  the  gold  has  probably  been  derived  from  small  mineral 
veins  in  the  adjacent  bed  rock. 
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A  second  high -bench  placer  lies  on  a  divide  325  feet  above  tl 
Be  a*  between  Grass  Gulclh  a  trlbutMrv  of  Dexter  Creek,  and  Spt>rinn 
Gulch,  which  discharges  into  Anvil  Creek.  The  development  he 
consists  of  several  shafts  located  along  an  east-west  line  for  GOO  • 
700  feel.  Prospecting  was  begun  on  tliis  bench  in  tlie  sununer  ( 
1J)()0,  but  pay  gravel  was  not  discovered  until  1001  or  11)02.  Abo 
l\i)i)  feet  of  tlie  ])ay  streak  had  been  worked  out  in  1003.  The  su 
face  of  the  ground  slo])es  toward  the  head  of  Grass  Gulch. 

On  the  Suuiuiit  claim  the  shaft  is  lOO  feet  deep,  making  the  elev 
tion  of  bed  rock  about  420  feet.  From  the*  foot  of  the  shaft  tunni 
have  been  driven  N.  (S2°  E.  and  S.  82°  AV.  along  tlie  pay  streak,  whi( 
lies  on  bed  rock  sloping  slightly  to  the  east.  The  whole  deposit  is  f  roz( 
and  the  nuiterial  thrown  out  in  sinking  the  shaft  contains  a  gre 
deal  of  fine  sand  and  silt,  l)ut  only  a  few  details  regarding  the  se 
tion  were  obtained.  In  the  gold-bearing  gravel  there  are 'many  bow 
(lers  and  jx^bblcs  of  well-roundccl  granite  and  gneiss,  which  nni 
have  come  from  a  great  distance  and  seem  to  indicate  that  the  strcii 
which  (lej)osited  them  was  a  long  one.  The  pay  streak  of  the  cla  ^ 
IS  ()  oi'  7  fe(4  tliiek  and  consists  of  gi*avels  that  c(^ntain  many  lar^ 
flat  piiH'es  of  schist  and  schistose  limestone.  In  places  there  is  a  la^ 
of  stratified  clay  above  the  ])ay  streak,  and  at  the  west  end  of  the  m  i 


NOME  PBECINCT.  207 

The  width  of  the  pay  streak  is  from  50  to  80  feet.  On  the  south 
side  a  well-marked  rim  in  the  bed  rock  has  been  noted,  but  on  the 
north  side  the  bed  rock  gives  no  indication  of  the  limits  of  the  pay 
streak.  In  general  these  gravels  are  more  waterworn  and  fresher 
in  appearance  than  those  in  the  bench  south  of  King  Mountain; 
they  also  contain  material  transported  from  a  distance.  As  a  rule 
the  gold  is  coarse  and  contains  many  well-rounded  nuggets.  The 
pay  streak  is  reported  to  average  about  $1  to  the  bucket,  which 
would  probably  be  equivalent  to  $7  or  $8  per  cubic  yard.  Some  spots 
in  the  gravel  have  been  found  to  be  very  rich,  and  pans  containing 
$150  are  not  unconmion.  One  nugget  worth  $138  is  reported  to  have 
been  found. 

DSY-DEXTES  OBEEK  DIVIDE. 

The  third  notable  high-bench  deposit  lies  between  Anvil  and  New- 
ton peaks  in  the  saddle  which  forms  the  divide  between  Dry  Creek 
and  Left  Fork  of  Dexter  Creek.  The  surface  of  this  divide  has  an 
elevation  of  570  feet  above  the  sea.  It  is  developed  by  a  line  of  shafts 
extending  nearly  north  and  south  for  a  distance  of  about  2,000  feet. 
The  gravels  were  found  in  1900  and  some  deep  shafts  were  sunk 
nearly  to  bed  rock,  but  the  pay  streak  was  not  located  until  the  fol- 
lowing year.  In  1901  some  auriferous  gravel  lying  west  of  the  main 
pay  streak  was  worked  out.  The  richest  ground  was  found  during 
the  winter  of  1902-3  and  considerable  material  was  taken  out,  the  rich- 
est of  which  was  washed  with  rockers  during  the  winter.  In  the 
following  spring  the  tailings  from  these  rockers  and  the  waste  ma- 
terial not  rich  enough  to  be  rocked  were  sluiced  with  water  obtained 
from  melting  snow  and  yielded  fair  returns. 

The  surface  of  the  ground  here  is  nearly  level,  but  by  careful  meas- 
urement is  found  to  be  about  25  feet  lower  at  the  south  end  than  at 
the  north  end.  In  the  shafts  near  the  north  end  of  the  deposit  the 
depth  to  bed  rock  is  reported  to  be  from  70  to  75  feet,  making  the 
elevation  of  the  bed  rock  nearly  500  feet  above  the  sea ;  at  the  south 
end  the  shafts  are  only  35  feet  deep,  showing  that  the  bed  rock  lies 
about  10  feet  higher  than  at  the  north  end.  The  prospect  holes  be- 
tween these  points  show  that  the  bed  rock  has  a  nearly  uniform  slope 
to  the  north.  Prospect  holes  sunk  several  hundred  feet  to  the  east  of 
this  main  line  indicate  that  the  bed  rock  there  has  a  higher  elevation, 
for  most  of  the  holes  are  not  more  than  30  feet  deep.  The  material 
from  these  excavations  is  chiefly  light-brown  sand  containing  some 
well-rounded  schist  pebbles,  as  well  as  some  pieces  of  vein  quartz 
and  limestone  and  a  few  granite  bowlders.  The  following  section  is 
reported  in  a  shaft  near  the  middle  of  the  bench : 
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80ei*6H  itt  Hhiift  tttf  Dri/- Better  Creek  dividr. 

Feet, 

Mwek  mid  KliU<^  r*ick ^^_,^^_,^^,. . ..  IG 

Weii-wiisiieti  Ki'iivei  t'lirryfng  mme  goJd.^---- 12 

Soft    pnndy   sml . .  .:_..^___"_ ^_       2 

Soil,  i^ent  rtnd  sJlde  rCK?lt__,^^ _^,,- ___, 22 

Stream  p^nrel^ ^^^._„_^,,^^^, — ^-*^„ . . 10 

L>ec:om  posed  sohlst  bed  rook*  m 

Kone  of  these  layers  ai'o  pprmanentlj  frozen*  Most  of  the  bed  rock 
is  very  much  decomposed  chloritio  rnica  achist^  but  in  the  northern- 
most  shaft  of  this  group  broken  limestone  bowlderB  wer©  encotmtered 

Mud  penet rated  to  ii  depth  of  40  feet.  More  or  les.s  brown  ehiy  sedi- 
inent  containing  some  waterworn  material  was  found  throughout  the 
crevi{5es  of  this  limestone,  indicating  that  the  bed  rock  consists  of 
Ixjwlders  of  limestone  fonned  in  place  by  decomposition  along  (he 
whUh  of  the  crevices.  The  bed  rock  exposed  in  the  hills  surrounding  _ 
this  arcA  consists  of  alternating  beds  of  limestone  and  chloritic  Bud's 
feldspathic  schists.  The  sandy  part  of  the  deposit  resembles  the  *h*- 
coraposition  products  fiom  these  schists  and  Umestones.  It  is  often 
difficult  to  distinguish  between  the  Ix^d  nx;k  decomposed  in  place  and 
the  brown  sandy  part  of  the  gravel  which  overlies  it,  but  this  diffi- 
culty is  not  encoiuitered  if  even  a  few  rouncjed  waterworn  jiebbles  are 
present-  The  granite  l>owlders  occurring  here  and  then*  in  tlie.se 
deposits  indicate  that  a  part  of  the  gravc*l  has  fi  distant  source,  and 
the  rounded  character  x>t  the  gold  also  indicates  transportation. 

As  a  general  rule,  the  bed  rock  rises  more  or  loss  gradually  cast  and 
west  of  the  l)()tt()ni  of  the  shafts,  indicating  the  presence  of  a   rock 
channel.     Toward  the  south  end  of  the  (lcj)osit  the  rim  is  wanting, 
and  it   is  pr()l)al)lc  that  if  folh)W(Hl  fai*  enough  to  the  west  tlu^  bed 
rock  will  be  found  to  dip  down  beneath  the  floor  of  Dry  Creek,  which 
heads  oidy  a  few  hundred  feet  away.     In   nuiny  places  the  eastern 
rim  is  well  defined  and  in  some  of  the  workings  it  has  been  followed 
'for  50  feet  Uj)  a  •^)0''  sl()j)e.     The  pay  streak  lies  immediately  on  the 
bed  rock,  ranges  fi'oni  2  to  'VI  fec^t  in  thickness,  and  consists  of  liglit- 
l)rown    sandy    material    containing    well-rounded    pebbles    of    schist, 
with  some  vein  quartz  and  limestones     In  geiKM-al  aj^pc^irance  it  dcx's 
not  differ  materially  from  the  gravc^ls  that  overlie  it.  which  are  not 
rich    enough    to    work    under    j)resent    conditions.     The    pay    stn^ak 
j)r()l)ably  averages  from  $(>  to  ^iL^  a  cubic  yard  and  occasionallv  pans=^ 
yield  fi'om  $)>  to  $4.     The  gold  is  rath(M'  coarse  and  occurs  in  well  — 
roundcnl  picM'cs.     The  gold-bearing  gi'avel   is  not  closely  confined  ir 
the  pay  streak  indicated  l)y  the  line  of  mini*  workings,  for  a  numbei^ 
of  shafts  to  the  east  have  also  yielded  })rofits,  though  these  placerr^ 
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line  of  holes,  are  said  to  have  reached  gravels  that  yielded  fair 
returns. 

There  is  an  area  of  not  less  than  10  acres  on  this  divide  below 
which  the  bed  rock  seems  to  be  approximately  level,  and  through 
this  area  there  is  a  bed-rock  channel  running  north  and  south.  The 
gravels  carry  gold  on  bed  rock  over  the  whole  area,  but  the  richest 
pay  streak  is  along  the  incised  channel.  The  unfrozen  condition  of 
the  deposit  is  accounted  for  by  the  fact  that  the  gravels  and  sands 
are  porous  and  well  drained  throughout. 

In  working  the  deposit,  shafts  were  sunk  to  bed  rock  at  intervals 
of  about  100  feet  and  were  cribbed  and  timbered  sufficiently  to  make 
them  stand  for  a  few  months.  From  these  shafts  the  gold-bearing 
gravel  was  mined  out  in  all  directions.  Very  little  timber  was  used 
underground  and  the  roof  was  supported  by  pillars  of  pay  gravel, 
which  were  removed  before  the  workings  were  abandoned.  These 
claims  were  worked  both  in  winter  and  summer,  as  owing  to  their 
unfrozen  condition  the  gravels  stood  as  well  in  one  season  as  the 
other.  Sluicing  was  done  early  in  spring  with  water  obtained  from 
melting  snow.  In  the  underground  workings  no  cars  were  used. 
The  buckets  were  dragged  to  the  foot  of  the  shaft,  where  they  were 
hoisted  to  the  surface  by  a  windlass.  Usually  two  men  worked 
underground  and  a  third  operated  the  windlass  at  the  surface. 

OSHE&AL  OOHOLTTSIOHS. 

The  occurrence  of  these  high-bench  gravels  is  difficult  of  explana- 
tion. ^The  most  plausible  theory  as  to  their  general  origin  is  that 
they  are  stream-channel  deposits  formed  during  an  earlier  epoch  of 
erosion.  When  these  channels  were  formed,  the  land  probably  stood 
considerably  lower  and  their  beds  were  npt  far  above  sea  level.  The 
overburden  was  contributed  mainly  by  slides  from  the  hills.  After. 
most  of  the  overburden  was  deposited  subsidence  occurred  and  the 
granite  and  other  foreign  bowlders  were  floated  over  the  surface  by 
icebergs  or  ice  floes. 

CRIPPLE  RIVER  BASIN. 
GENERAL   DESCRIPTION. 

Cripple  River,  which  is  about  25  miles  long,  flows  nearly  southward 
into  Bering  Sea  12  miles  west  of  Nome.  (See  topographic  map,  PL 
VIII,  in  pocket.)  It  drains  an  area  of  about  90  square  miles  and  has 
an  average  fall  of  20  feet  to  the  mile.  Where  it  traverses  the  coastal 
plain,  here  8  miles  wide,  the  river  takes  a  meandering  course,  with 
banks  30  feet  or  more  high.  About  4  miles  from  the  coast  the  valley 
becomes  very  narrow  for  a  mile  and  the  hills  rise  abruptly  on  either 
15e04~Bull.  328—08 14 
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side.    The  source  of  the  stream  lies  in  a  broad  basin,  with  gentle 

slopes  and  a  wide  flood  plain.  The  upper  end  of  the  valley  is  sep- 
arated by  a  low,  flat  divide  from  the  flood  plain  of  Stewart  River,  a 
tributary  of  the  Sinuk,  The  upland  surrounding  the  valley  is  char 
acterized  by  flat  ridges  and  hilltops  having  an  average  elevation  of 
about  800  feet,  and  the  higher  liills  rise  above  this  level  as  dome- 
shaped  butt^.  In  a  few  places  broad  gravel-covered  gaps  interrupt 
the  continuity  of  the  ridges.  Though  these  gravels  are  attributed  to 
old  drainage  channels,  none  of  them  as  yet  have  been  found  rich 
enough  in  placer  gold  to  justify  mining*  On  some  of  the  valley 
sIo])es  thei^  are  broad  gravel-covered  benches,  in  the  main  less  than 
400  feet  above  the  sea,  some  of  which  contain  placei's  of  economic 
value,  Frratic  granite  bowlders  sstrewn  over  the  surface  occur  up  to 
elevations  of  800  feet.  These  have  already  been  described  (p,  0"*), 
and  are  attributed  to  the  action  of  floating  ice  during  a  comparativt^ly 
recent  period  of  submergence.  In  several  of  the  tributaiy  stream 
beds  along  Cripple  River  these  bowlders  are  so  plentiful  as  to  inter- 
fere seriously  with  the  working  of  the  placers. 

The  rocks  of  the  legion  are  mainly  interbedded  limestonas  and 
schists  belonging  to  the  Nome  grotip.  (See  PI,  X,  in  pocket,)  They 
include  some  massive  crystalline  limestones,  which  are  differentiated 
on  the  geologic  map  and  are  provisionally  correlated  with  the  Port 
Cianfuce,  though  none  of  them  have  yielded  fossils.  Along  the  chan- 
nel of  Cripple  River  granite  bowlders  from  the  ICigluaik  Mountains  ^ 
are  mixed  ivith  frravels  of  local  origin. 

On  Cripple  River  itself  almost  no  successful  mining  has  been  done.  . 

thou  oh  colors  are  found  in  many  places,  and  some  areas  which  will  J^  I 
[)robal)ly  pay  if  worked  by  economical  methods  have  been  located  J'  -1 
ill  the  1)0(1  and  low  terraces  of  the  river.  A  ditch  -ii  miles  long  was^ — r  s 
l)nilt  in  VMV^  to  bring  water  from  Willow  Creek  for  hydra ulickinjj:^,^  iJ 
at  a  point  just  below  the  mouth  of  Elizabeth  Creek.  The  capacity-*^  -? 
of  this  ditch  is  3,000  miner's  inches  and  the  head  for  hydraulickinti^  -^! 
ir>7  feet,  but  its  maintenance  has  l>een  almost  impossible,  as  in  many^  ^^^ 
])laces  it  runs  over  beds  of  ground  ice.  which  melts  away  under  the-  ^  ^^ 
water.  To  avoid  the  ground  ice,  a  new  ditch  is  proposed  to  run  a  .m^^  ^ 
a  level  100  feet  higher.  This  will  necessitate  an  extension  of  abou^-^^^ 
11  miles  to  the  head  of  Cripple  Kiver,  where,  it  is  claimed,  aboi*'^^  ^^^ 
3,()(H)  miner's  inches  of  water  can  be  obtained. 

At  the  mouth  of  Stella  Creek  some  sluicing,  yielding  not  more  tha  .0^^-  ^^ 
wages,   has  been   done   in   gravels  that    contain   many  granite   an^r"^^^'^^^ 
gneiss  bowlders.     The  deposit  lies  in  an  old  channel  cut  in  a  bed  rocj^    '^"^^ 
of  quartz-chlorite  schist  about  10  feet  above  and  parallel  to  the  pre-*^^>»- 
cnt  river  l)ed.     A  small  ditch  to  bring  water  from  the  head  of  Stel     >^y 
Creek  has  been  constructed,  but  as  it  Avas  built  across  ground  ice  iT^^e 
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bottom  soon  gave  way  and  no  mining  was  done  at  this  place  during 
the  season  of  1903. 

OREGON    CREEK. 

Oregon  Creek,  the  most  important  tributary  of  Cripple  River,  is 
between  6  and  6  miles  long  and  drains  about  15  square  miles  of 
territory.  It  joins  Cripple  River  10  miles  from  the  coast.  The 
valley  is  broad,  flat,  and  gravel  floored  for  the  lower  2  miles,  above 
which  it  gradually  narrows  to  its  head. 

Grold  was  discovered  on  Oregon  Creek  in  the  winter  of  1898-99,  but 
it  was  not  worked  systematically  until  1900.  In  the  latter  year  Col- 
lier made  a  hasty  examination  of  the  placers  of  this  region,<»  and  in 
1903  it  was  visited  by  Hess.  Eight  creek  claims  and  two  or  three 
bench  claims  were  in  operation  on  the  creek  and  its  tributaries  dur- 
ing the  season  of  1903.  The  production  up  to  the  end  of  1903  had 
probably  not  exceeded  $100,000.  Supplies  are  hauled  from  Nome 
by  a  wagon  road  along  the  beach  to  Penny  River,  thence  up  Penny 
Eiver  to  Willow  Creek,  and  across  the  hills  to  Oregon  Creek. 

Along  the  lower  2  miles  of  the  creek's  course  bed  rock  is  not 
exposed.  One-half  mile  below  Nugget  Creek  decomposed  chlorite 
schist  is  reached  at  a  depth  of  2  to  5  feet  From  Nugget  Creek  to 
Mountain  Creek  the  bed  rock  is  heavy  liniestone,  dipping  down- 
steam  and  jointed  and  broken  into  irregular  fragments.  Frequently 
at  stages  of  low  water  the  creek  is  nearly  lost  in  underground 
channels  through  this  bed  rock.  At  Mountain  Creek  there  is  a  nar- 
row belt  of  chloritic  schist,  but  above  that  point  the  creek  runs 
through  massive  limestone  which  seems  to  form  an  anticline. 

The  placers  of  the  creek  are  said  to  be  "spotted"  and  on  some 
claims  small  portions  pay  well,  while  the  remainder  will  not  yield 
expenses.  This  is  probably  due  partly  to  the  varying  character  of 
the  bed  rock,  rich  spots  being  found  on  that  which  affords  good  nat- 
ural riffles,  and  partly  to  local  origin  of  the  gold.  All  the  paying 
claims  of  the  main  creek  lie  in  its  middle  part  in  a  belt  about  2 
miles  long.  In  the  lower  2  miles  the  creek  is  spread  over  wide 
gravels  and  a  number  of  claims  that  have  been  worked  by  primitive 
:inethods  have  failed  to  pay.  Half  a  mile  below  the  mouth  of  Nugget 
Creek  there  is  some  ground  that  has  been  fairly  productive. 

The  gravel  is  from  1^  to  6  feet  thick  and  is  composed  of  schist, 
limestone,  and  granite  pebbles.    Most  of  the  pay  lies  upon  a  tough 
yellow  clay  immediately  over  the  bed  rock,  but  some  gold  is  found 
in  the  crevices  of  the  limestone  to  a  considerable  depth  and  is  difR 
cult  to  obtain.    The  gold  is  bright,  coarse,  and  slightly  worn;  the 

•BrodkSy  A.  H.,  Richarctoon,  O.  B.,  and  Collier,  A.  J..  Reconnaissances  In  the  Cape 
'NoflM  and  Nortim  Bay  reglona,  Alaska,  in  1900,  a  special  publication  of  the  U.  S.  Geol. 
Sonrey,  1901,  p.  02. 
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largest  nuggt^  fciiind  was  worth  rtli«ut  $4.50.    The  concentrates  i?cm-| 

tiiirj  »  large*  amount  of  octahedral  magnetite^  some  hematite,  scheiy| 
lite,  bismuth,  aiitl  gjirnet. 

One- fourth  mik^  below  the  mouth  of  Nugget  Creek  a  strip  of 
gTAVel  iiliout  20  fi'et  wide  along  the  creek  bed  wag  worked  jii  19(1 
Herp  the  bed  rtK*k  is  hard,  tluii-beddcd  linKv^tone,  in  the  crevit^s^ 
which  the  gohi  is  found.  About  2  feet  of  washed  gravel,  coiLslsting 
pHncipally  of  rounded  hinestone  pebbles  and  a  few  granite  l>owI- 
ders,  lies  upon  the  l>ed  rock,  Thi:^  gravel  forms  the  pay  streak,  and, 
together  with  abnit  a  foot  of  the  bet!  roek,  was  put  thn^ugh  the  ^him 
l>oses.  At  the  month  of  Nugget  Creek  the  limestone  bed  rock  is 
broken  and  irregular.  Some  gold  han  l)een  taken  from  a  ""  false  bed 
rock''  consisting  of  fnignietits  of  lime*^tone  embedded  in  reddish 
clay.  Preparations  were  !»c*ing  made  in  1903  for  hydraulicking  tliis 
claim.  The  following  section  was  measuixnl  in  a  cut  bank  shown  oa 
thti  south  side  of  the  eret^k : 

Mt>ss    ami    murk  .  _     „*-.-^*.*^__ 1 1 

Yellowish  red  sandy  elay-^.^_^-,-- ,. ^-^ _^^_ fl 

( i  ra vet ,  cod bI st i  ag  of  1  irok pa  f ra piaeuts  of  tlniestoite-  ^   . . . S 

False  Iwd  rm-k,  crifisiliilljii:  i>f  t^lny  with  fra^metits  nf  Umt?^ 
Stone  eailK*il<li'(l. 

Near  the  mouth  of  Mountain  Creek  the  bed  rock  is  chloritic  schist 
dij:)j)ing  downstream,  and  the  j)ay  gravel  is  from  2  to  5  feet  thick. 
It  is  reported  that  in  1000  two  men,  with  rockers,  ol)tained  2  pounds 
of  gold  in  less  than  a  day,  getting  as  high  as  $27  in  one  pan.  About 
one-fourtli  mile  above  Mountain  Creek,  on  a  claim  Avorked  in  1900. 
the  pay  streak  was  confined  to  the  creek  bed  and  was  not  more  than 
20  feet  wi(h'  and  less  than  a  foot  thick.  Here  the  best  pay  occurred 
ill  the  crevices  to  a  (le|)(h  of  IS  or  20  inches.  The  gold  is  coarse,  hiii 
most  of  the  grains  are  well  rounded  and  bright.  One  nugget,  worth 
$loO,  and  (wo  smaller  ones,  worth  $12. (U)  and  $1*120,  were  obtained 


Above  thi> 


pom 


t,  which  is  3.^,  mil(\s  from  the  mouth  of  Oregon  Creek. 


no  gold  has  been  mined  and  there  is  probably  little,  if  any.  to  fx' 
found,  for  (he  be(l  rock'  c()n^is(s  of  massive  limestones  in  which  tliere 
is  li((le  evi(lenc(»  of  mineralization.  The  rounded  form  of  the  ir^>l'' 
in  (he  upper  claim  worked  indicates  that  it  may  have  been  broiiuht 
down  from  (his  par(  of  the  creek:  but  in  swift  flowing  streams  Avitli 
shallow  grav(ds  nugirtds  may  be  (juicldy  rounded  by  battering  peb- 
bles, without  themselves  traveling  far. 

On  the  east  side  of  Oregon  C^reek  a  broad  gravel -covered  l^nch. 
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an  old  valley  floor  of  Oregon  Creek  and  is  partly  covered  with  flood- 
plain  gravels.  Several  claims  on  this  bench  have  been  productive, 
but  only  in  a  small  way.  One  of  these  claims  was  in  operation  in 
September,  1903.  The  pay  streak,  which  seems  to  follow  a  definite 
channel,  is  about  65  feet  above  the  present  bed  of  Oregon  Creek  and 
is  70  feet  wide.  It  is  about  6  inches  thick  and  rests  upon  bed  rock, 
but  very  little  gold  is  found  in  the  crevices.  The  overburden  is  gravel 
containing  some  bowlders  of  granite,  gneiss,  and  greenstone  and  is 
from  3  to  10  feet  thick.  The  gold  is  smooth,  bright,  and  coarse, 
averaging  probably  from  one  to  three  pieces  to  the  cent.  One  nugget 
weighing  about  38  pennyweights  has  been  found.  In  the  concen- 
trates there  is  much  magnetite  and  hematite,  with  some  bismuth, 
garnet,  rutile,  and  scheelite. 

On  several  of  the  claims  worked  by  drifting  during  the  winter  the 
gravel  is  from  20  to  25  feet  thick.  One  claim  is  said  to  have  yielded 
$4,500  at  an  expense  of  $4,000.  Mining  here  has  been  done  mostly 
by  pick  and  shovel,  under  heavy  costs,  and  has  probably  barely  paid 
expenses.  The  ground  is  well  situated  for  hydraulicking,  but  water 
for  this  purpose  can  probably  not  be  obtained  without  a  long  and 
expensive  ditch. 

NUGGET  CREEK. 

Nugget  Creek,  less  than  2  miles  in  length,  heads  in  a  limestone 
mountain  and  flows  northwestward,  joining  Oregon  Creek  2i  miles 
above  its  mouth.  The  prevailing  bed  rock  is  limestone,  but  a  dike 
of  decomposed  pyritiferous  greenstone  cuts  the  limestone  near  the 
mouth  of  the  creek.  A  second  greenstone  dike  is  reported  to  occur 
a  mile  above.  On  a  claim  at  the  mouth  the  gravel  is  composed  largely 
of  angular  limestone  fragments,  with  some  rounded  schist  and  green- 
stone pebbles.  The  gravel  lies  from  6  to  20  feet  below  the  surface, 
in  a  channel  not  more  than  25  feet  wide.  The  pay  rests  upon  a  stiff 
yellow  clay  above  a  limestone  bed  rock  and  does  not  extend  into  the 
crevices  of  the  limestone.  The  gold  is  all  coarse  enough  to  be  easily 
saved,  but  contains  few  nuggets  as  large  as  a  pennyweight. 

The  concentrates  are  made  up  largely  of  octahedral  magnetite  in 
small  grains.  One  specimen  obtained  has  a  small  piece  of  gold 
attached.  The  concentrates  also  contain  garnet,  specular  hematite, 
rutile,  scheelite,  bismuth,  and  scattered  crystals  of  pyrite  partially 
oxidized  to  hematite.  One  piece  of  bismuth  the  size  of  a  pea  was 
collected  in  which  a  fleck  of  gold  is  embedded.  The  claim  was  eco- 
nomically worked  as  follows:  Ten  men  were  worked  in  two  shifts  of 
five  each.  The  gravel  was  piped  to  the  sluice  box  by  a  stream  from  a 
2-inch  nozzle  under  a  head  of  less  than  20  feet,  and  water  from  a  lower 
ditch  was  allowed  to  run  over  the  upstream  edge  of  the  bank,  thawing 
and  washing  down  the  gravel  and  supplying  more  water  to  the 
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sluice  Ixjxea  Om^  string  of  18-inch  sluice  boxesj  with  pole  riffles^ 
was  iLseiL  The  tailings  were  removed  by  a  scraper  pulled  back  and 
forth  by  wire  cables  from  drums  run  by  a  4- horsepower  gasoline 
engine,  a  man  being  required  to  guide  the  scraper,  M 

Ont5  other  claim,  about  a  mile  above  tlie  mouth  of  Nugget  Creek,™ 
was  worked  during  1D03.  Several  men  were  employed  part  of  the 
season,  but  the  pay  streak  **  pinched  out''  before  the  end  of  the 
^ason  and  operations  were  suspended.  The  gravel  deposit  is  from 
3  to  G  feet  deep  and  from  30  to  50  feet  wide.  The  average  size  of 
the  gold  jiieces  is  about  1  cent,  and  the  concentrates  are  similar  to 
those  at  the  mouth  of  the  cre>ek.  ^ 

4 

MOUNTAIN    CREEK.  ^" 

Moimtain  Creek  heads  in  a  limestone  mountain  and  flows  soutli- 
wardj  emptying  into  Oregon  Creek  about  3^  miles  from  its  mouth. 
It  carries  less  than  a  sluice  head  of  water.  It  is  reported  that  along 
the  lower  part  of  the  creek  there  are  extensive  deposits  of  schist 
gravel  carrying  values  in  gold-  No  mining  has  been  done  along 
this  creek,  but  it  is  said  to  pros|>ect  well  and  preparations  had  been 
made  to  work  one  claiui  during  the  season  of  1904. 


HUNGRY   CRI;EK. 


I 


Hungry  Creek,  about  2  miles  long,  flows  in  a  northwesterly  direc* 

tion  nnd  joins  Oregon  Creek  1  mile  from  Cripple  River,  Its  valley 
is  broad  and  gravel  filled  and  the  creek  has  trenched  its  floor  to  a 
depth  of  about  20  feet  in  gravel  and  bed  rock.  Gold  was  discovered 
on  this  creek  in  July,  1900,  and  three  mines  w^ere  in  operation  in 
Scptenilxn*,  1903,  although  previously  the  creek  had  been  worked 
uusysteniatically  throughout  nearly  its  whole  length.  The  followino:! 
section  was  exposed  in  one  of  the  mines: 

Section  at  mine  on  Hungry  Creek. 

Feet. 
Moss  and  muck,  about 1 

(iravol,   consisting  mainly   of  cliloritic   schist   fragments,   and 
containing  bowlders:  i)ay  dirt  of  mine 4 

Decomposed  chloritic  schist  which  can  be  cut  with  the  shovel.       1 
Chloritic  schist,  containing  no  gold  in  crevices. 

Tlie  bowlders  are  largely  of  gneiss  and  granite  from  the  Kigluia"^  - 
Mountains  and  reach  2|  feet  in  diameter.  Associated  with  the  gol  -^ 
there  was  a  small  amount  of  bismuth  in  well-rounded  nuggets,  soni^  ^ 
of  which  weighed  as  much  as  an  ounce.  The  concentrates  weu^^ 
about  half  magnetite,  the  remainder  being  mostly  garnet,  in  larg^^? 
well-rounded  pieces  and  small  crystals,  with  some  limonite,  pyrite, 
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MAY   GULCH. 

May  Gulch,  the  south  fork  of  Hungry  Creek,  heads  in  a  broad, 
low  divide  about  700  feet  above  the  sea.  Near  its  head  prospect  holes 
have  been  sunk  to  a  depth  of  20  feet  through  washed  gravel  without 
finding  bed  rock.  Colors  are  reported  all  the  way  from  the  surface 
down. 

TRILBY   CREEK. 

Trilby  Creek,  a  small  tributary  of  Hungry  Creek  from  the  north- 
east side,  about  a  mile  from  Oregon  Creek,  is  reported  to  have  yielded 
$5,000.  It  does  not  cut  down  to  the  bed  rock,  and  it  seems  probable 
that  the  gold  has  been  reconcentrated  from  the  bench  gravels.  Dur- 
ing 1903  nothing  more  than  assessment  work  had  been  done,  on 
account  of  lack  of  water. 

STREAMS    TRIBUTARY    TO    BERING    SEA    BETWEEN    CRIPPLE    AND 

SINUK    RIVERS. 

Three  small  streams — Rodney,  Sonora,  and  Quartz  creeks — flow 
into  Bering  Sea  at  distances  of  13,  15,  and  17  miles,  respectively, 
from  Nome,  or  1,  3,  and  5  miles  from  the  mouth  of  Cripple  River. 

The  hills  rise  steeply  from  a  narrow  coastal  plain,  which  is  here 
from  a  quarter  to  half  a  mile  broad.  The  bed  rock  exposed  along  the 
beach  and  in  the  face  of  the  bluffs  consists  mainly  of  chloritic  mica 
schist,  but  contains  some  beds  of  graphitic  schist  and  limestone. 
Small  quartz  veins  are  common  in  the  face  of  the  bluff  and  some 
prospecting  has  been  done,  but  nothing  of  economic  importance  has 
been  discovered.  A  short  distance  west  of  Quartz  Creek  a  large 
irregular  vein  several  feet  thick  at  the  widest  place  occurs  between 
beds  of  chlorite  and  graphite  schist.  The  vein  thins  out  rapidly. 
It  contained  a  thin  streak  of  highly  mineralized  quartz  in  which 
gray  copper  ore  seemed  to  be  predominant.  A  specimen  obtained 
:from  one  of  the  men  interested  in  the  development  was  assayed  by 
U.  E.  Burlingame  &  Co.,  of  Denver,  Colo.,  who  found  only  a  trace 
of  gold  and  silver.  No  placer  mining  is  in  progress  on  either  Rod- 
ney or  Sonora  creeks,  though  colors  of  gold  have  been  found  and 
some  development  work  was  done  on  Sonora  Creek  in  1901.  On 
Quartz  Creek  sluicing  is  reported  about  1  mile  from  the  coast,  where 
two  men  were  making  a  little  more  than  wages  in  1903,  but  the 
claim  was  not  visited  by  members  of  the  Survey  party. 

SINUK    RIVER    BASIN. 
GENERAL  DESCRIPTION. 

Sinuk  River  rises  in  the  Kigluaik  Mountains,  flows  westward 
in  a  xalley  parallel  with  them  for  about  10  miles,  and  then,  turn- 
ing south,  reaches  Bering  Sea  25  miles  west  of  Nome.     The  lower 
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course  of  tlK>  river  lies  witlihi  the  area  of  r^hloritic  schif^ts  and 
lunestooes  of  the  Nome  group  that  are  tlie  source  of  placer  gold  in 
other  parts  of  the  precinet* 

Colons  of  gold  have  been  report ed  from  many  localities  in  thi* 
Sinuk  ba.siii,  and  in  U>00  some  shjiciag  was  reported  to  have  been 
done  on  Charley  Creek,  a  tributary  from  the  south  near  itii  head- 
watei-K  No  gold  han  l>een  produced  Rlcnig  the  nmin  channel  of  the 
river.  Of  its  tributaries  Washington,  Kiilby.  Charley^  Boulder, 
Indeptnidence,  and  Coal  creeks  arc  reportetl  to  have  protluced  small 
amounts.  Extensive  gravel  deposits  cam  ing  low-gFade  i^aluas  man- 
tling the  hills  between  Sinuk  and  Cripple  rivers,  are  reported  to 
occur  from  li^  to  18  miles  from  the  inoutht  Thew  deposits  have 
lieen  staked  for  hydraulic  raining,  i>ut  most  of  thera  lie  at  such  high^^^A 
elevations  that  it  will  be  a  difficult  and  expensive  undertaking  1(^wd»^.a 
bring  water  to  them,  as  the  only  nources  of  supply  are  the  streaniH^  .«^s 
of  the  Kigluaik  MoinitainK,  and  pipes  would  be  required  in  crossin^^  ^g 
the  Sinuk  and  Stewart  valleys.  Washington  and  Rulby  ert^eks  qu^^  M-^n 
across  these  high  gravels  and  probably  recont^ntrate  their  golc^  jEd 
■  from  them. 

WASIIINGTOK    CKEEK. 


r^«ra 


Washington  Creek,  about  6  miles  long,  enters  Sinuk  River  fror 
the  east  12  miles  fi'om  the  mouth.  The  placers  of  this  creek  ha^-^^^  ^ve 
not  been  visited  by  members  of  the  TTnited  States  Geological  SnrveT^-^^ey, 
but  they  are  reported  to  consist  of  high-bench  gravels  surroundini'^xr  .ng 
Irish  Hill,  a  mountain  about  1,300  feet  high,  in  the  Sinuk-Cripp"<r-^T)le 
Kiver  divide.  (lood  prospects,  including  one  $10  nugget,  are  r»^::Mr  re- 
ported to  liave  been  found  in  this  bench  several  hundred  feet  abo'^^zz^ov^ 
the  le\el  of  the  ri\er. 

KILHY    (KEKK. 

Kulby  Crook,  which  enters  Sinuk  lliver  from  the  east  18  mir -r  .Mnih 
from  the  mouth,  is  also  reported  to  cut  across  high  gravel  deposi  x^<^-^«sit 
A  small  amount  of  gold  has  l)oeu  produced  here  in  prospecting,  bcuT  bi 
tlio  irravels  lie  at  higli  c^levations,  are  of  low  grade,  and  can  probabjT-^i^abl 
))o  worked  onlv  bv  verv  economical  methods. 


(  IIAKI.KV    CHEKK. 

Clinrloy  Creek,  a  southern  tributary  of  Sinuk  River,  entering     "^^^  2S 
miles  from  its  mouth.  Hows  with  a  steep  gradient  in  a  narrow^  w.^ — ynJ- 
]vy  cut  in  chloritic  schists.     When  the  creek  was  examined  in  IT       'K)S 
no  mines  wei-o  found  and  the  workings  had  evidently  long  ago  b-  -  ^en 
abandoned,  but  a  few  colors  of  gold  weiv  panned  from  the  grav  -^"/s; 
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BOULDER   CREEK. 

Boulder  Creek,  which  enters  Sinuk  River  about  9  miles  from  the 
coast,  is  reported  to  have  yielded  a  small  amount  of  gold  in  1902  and 
1903,  but  it  has  not  been  examined  by  geologists. 

INDEPENDENCE   CREEK. 

Independence  Creek,  another  tributary  of  the  Sinuk  about  10 
miles  from  the  coast,  is  also  reported  to  have  produced  some  gold 
though  it  was  not  worked  in  1903.  The  creek  is  cut  for  the  greater 
part  of  its  length  in  a  massive  limestone  bed  rock  and  along  it  there 
are  many  evidences  of  attempts  at  mining  and  prospecting,  such  as 
crosscut  ditches  and  bed-rock  drains. 

COAL   CREEK. 

Coal  Creek,  which  joins  Sinuk  River  about  15  miles  northeast 
from  its  mouth,  rises  in  the  plateau  region  and  flows  down  the  gentle 
slope  of  the  valley,  exposing  the  bed  rock  in  only  a  few  places.  The 
bed  rock  for  about  half  a  mile  consists  of  coal-bearing  sediments 
younger  than  the  Nome  group,  which  are  described  on  page  83.  In 
exploiting  the  coal  deposits  gold  has  been  found  in  the  gravels  of 
the  creek,  which  are  believed  to  be  rich  enough  to  justify  hydraulick- 
ing,  and  a  ditch  for  this  purpose  will  probably  be  constructed  from 
the  Kigluaik  Mountains.  About  2,000  miner's  inches  of  water  can 
be  obtained  from  Glacial  Lake  at  an  elevation  of  about  400  feet 
above  the  sea.  If  it  is  found  that  a  higher  elevation  is  required, 
smaller  amounts  can  be  obtained  from  other  sources  in  these  moun- 
tains. The  placer  on  Coal  Creek  must  be  regarded  as  in  part  a 
reconcentration  from  sediments  of  Tertiary  or  Mesozoic  age. 

REGION  WEST  OF  SINUK  RIVER. 
GENERAL   DESCRIPTION. 

West  of  the  lower  waters  of  Sinuk  River  lies  a  triangular  area 
comprising  about  100  square  miles,  bounded  by  the  Sinuk  on  the 
southeast,  Bering  Sea  on  the  southwest,  and  the  Port  Clarence  pre- 
cinct on  the  north,  which  has  received  some  attention  from  prospect- 
ors and  has  produced  a  small  amount  of  gold,  probably  not  exceeding 
a  few  thousand  dollars.  Topographically  this  region  is  made  up  of 
(1)  a  coastal  plain  along  Bering  Sea  about  4  miles  wide,  (2)  a  num- 
ber of  high  ridges  to  the  northeast,  attaining  an  elevation  of  1,600 
feet  and  extending  in  a  northwest-southeast  direction  approximately 
parallel  to  the  coast,  (3)  between  these  ridges  and  the  Kigluaik  Moun- 
tains an  undulating  surface  that  has  an  average  elevation  of  1,000 
feet  and  has  been  correlated  with  the  Kougarok  Plateau.    The  coastal 
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plain  is  covered  by  gimvel  deposits  which  may  be  of  considerable 
depth*  but  in  M*>me  places  are  kiiovvii  to  \n^  only  a  thin  layer  not  over 
30  feet  thick,  resting  upon  a  limestone  bed  rock.  The  ridges  parallel 
to  the  coast  are  made  up  of  Hme^^totie  and  schists.  The  more  massive 
limestones,  which  are  crystalline,  but,  as  a  rule,  not  so  highly  meta- 
morphosed as  those  in  the  immediate  vicinity  of  Jfome,  have  been 
provisionally  correhited  with  the  Port  Clan^nt'e.  The  schis^ts  lire  in 
places  gi-aphitie,  but  the  larger  rjiut^ses  an*  feldspathic,  chloritic 
schists  of  a  character  similar  to  the  larger  bodies  exposed  in  Anvil 
and  Newton  peaks  near  Nome. 

The  surface  of  the  plateau  region  is,  for  tlie  most  part,  mantled 
with  moss  aiid  muck,  beneath  which  there  arc  gravels  that  contain, 
as  a  rule,  a  great  many  bowlders  of  granite  derived  fi'-om  the  Kiglu- 
aik  Mountains  and  probably  directly  or  indirectly  of  glacial  origin. 
(See  pp,  i>4— tH).)  The  bed  I'ock  where  it  ].s  exposed  consists  of  lime- 
stones and  schists,  which  are  almost  as  highly  metamorphosed  as  those 
at  Nome.  In  the  northwestern  portion  of  the  region  under  diiscus- 
sion  they  contain  many  intrusions  of  greenstone.  At  a  point  near 
Siimk  River  a  basin  of  younger  sediments  of  Mesozoic  or  Tertiary 
age  is  infolded,  and  it  is  possible  that  rocks  of  this  character  have  a 
considerable  extent  underneath  the  surficial  deposits.  Except  for  the 
fact  that  the  bed  rock  in  general  m  slightly  less  metamorphosed  than 
in  tlie  Nome  region  thei^e  is  no  reason  why  workable  placers  should 
not  exist  here.  Colors  of  gold  liuve  l*cen  found  ir^  ;i  nuinlK'i"  of  ^mall 
streams,  and  mining  for  gold  is  reported  at  several  places,  though  no 
active  mines  were  seen  by  niombers  of  tlie  survey  party.  Of  the  small 
streams  which  flow  into  Sinuk  River  from  the  plateau  several  are 
known  to  carry  colors  of  gold,  but  none  have  yet  been  found  to  con- 
tain gold  in  paying  quantities  for  small  outfits  working  with  sluice 
boxes  or  I'ockers.  It  is  i)robable,  however,  that  some  of  the  gravels 
may  be  worked  by  more  (H'onomical  methods,  if  water  be  brought 
from  tile  Kigluaik  Mountains. 


IGLOO  cre?:k. 


Igloo  Creek  rises  in  a  range  of  hills  back  of  the  coastal  plain  and 
flows  westward  to  Bering  Sea,  which  it  enters  just  north  of  Cape 
Woolley.  Although  colors  of  gold  have  Ix^en  reported  from  this  creek 
it  has  not  produced  gold  in  connnercinl  (juantities,  and  was  deserted 
by  prospectors  during  the  season  of  1!)08. 
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lagoon  north  of  Cape  WooUey.  The  bed  rock  of  this  creek  consists 
of  graphitic  and  feldspathic  schists  and  some  massive  limestone. 
For  about  4  miles  the  stream  flows  in  a  trench  cut  across  the  coastal 
plain,  and  it  is  not  known  whether  it  cuts  the  bed  rock  at  any  point 
within  this  belt.  The  bed  of  the  creek  contains  many  bowlders  of 
granite,  which  came  with  the  glacial  drift  from  Kigluaik  Mountains. 
Colors  of  gold  have  been  reported  in  the  gravels  at  various  points, 
though  no  pay  streak  has  been  found. 

TOMBOY   CREEK. 

About  6  miles  from  its  mouth  several  small  tributaries  enter  Fair- 
view  Creek  from  the  north  side.  Some  mining  has  been  done  on  one 
of  these,  known  as  Tomboy  Creek,  which  has  a  length  of  about  2 
miles  and  flows  in  a  westerly  direction.  About  1  mile  above  its  mouth 
a  deposit  of  several  feet  of  gravel  containing  a  great  many  bowldei-s 
and  pebbles  of  granite  rests  upon  soft  chloritic  mica  schist  bed  rock 
dipping  to  the  northeast  at  a  high  angle.  Two  shovelfuls  of  the  loose 
decomposed  bed  rock  were  panned,  yielding  two  colors  of  gold,  each 
equal  to  about  one-half  cent.  This  test,  so  far  as  it  goes,  would  seem 
to  indicate  a  layer  of  decomposed  bed  rock,  carrying  about  1^  cents 
to  the  pan,  or  $2.25  to  the  cubic  yard.  Evidently  some  mining  was 
done  here  in  1902,  but  early  in  1903  no  one  was  seen  on  the  ground 
and  the  claims  app^red  to  be  abandoned. 

FEATHER   RIVER. 

Feather  River,  which  also  enters  Bering  Sea  through  the  lagoon 
north  of  Cape  WooUey,  has  a  length  of  about  16  miles.  Six  miles 
from  the  coast  it  forks,  the  north  fork  being  called  Johnston  Creek 
and  the  south  fork  Livingston  Creek.  Johnston  Creek  is  the  larger 
stream  and  derives  its  water  from  a  number  of  tributaries  which  head 
in  glacial  valleys  in  the  Kigluaik  Mountains.  Livingston  Creek,  the 
southern  tributary,  heads  in  a  broad  basin-shaped  depression  in  the 
plateau  already  described.  The  gravels  of  both  streams  are  made  up 
largely  of  pebbles  and  bowlders  of  granite  and  other  rocks  derived  by 
glacial  agencies  from  the  Kigluaik  Mountains.  It  is  reported  that 
colors  of  gold  have  been  found  along  these  streams,  but  no  mining  has 
been  done. 

The  gravels  of  the  coastal-plain  belt  of  this  region  are  not  known 
by  the  writers  to  have  been  prospected  for  gold.  It  is  certain  that 
no  promising  deposits  of  gold  have  been  found  in  them.  The  beachas 
that  border  these  coastal-plain  deposits  on  the  west  would  afford  an 
excellent  opportunity  for  determining  whether  or  not  the  coastal- 
plain  graveb  carry  gold  values.  So  far  as  known,  no  gold  has  been 
found  in  paying  quantities  at  any  point  along  this  beach  and  no  min- 
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ing  has  been  done  on  the  beach  northwest  of  the  mouth  of  Sinuk 
River,  although  a  few  colors  of  gold  can  be  found  at  many  places. 

TI8UK  CREEK. 

Tisuk  Creek,  which  heads  in  the  west  end  of  the  Kigluaik  Moun- 
tains and  flows  southwestward  to  the  lagoon  north  of  Cape  WooUey, 
carries  a  large  volume  of  water,  and  its  channel  is  trenched  from  100 
to  200  feet  deep,  across  a  low  plateau  between  the  mountains  and  the 
sea.  The  bed  rock  in  the  plateau  portion  of  the  creek's  course  con- 
sists of  chloritic  schists,  limestones,  and  greenstone  intrusives.  These 
rocks  belong  to  the  Nome  group,  but  are  much  less  metamorphosed 
than  those  in  the  Nome  region.  No  gold  has  been  produced  along 
the  main  stream  and  scarcely  appreciable  amounts  in  its  drainage 
basin.  However,  some  production  is  reported  on  two  tributaries  that 
were  lying  idle  in  1903. 

HUME  CREEK. 

Hume  Creek  is  a  small  northern  tributary  of  Wesley  Creek,  which 
enters  Tisuk  Creek  from  the  south  side,  4^  miles  from  the  coast-  Two 
men  who  worked  here  with  rockers  in  1901  are  said  to  have  made  from 
$2  to  $3  per  day.  The  workings  were  abandoned  when  examined  in 
1903.  A  section  of  the  deposit  exposed  in  a  cut  bank  of  the  creek 
and  in  a  drain  ditch  is  as  follows : 

Scctiini  itn  Hume  Creek. 

Feet. 
Moss  and   black   muck t» 

Angular  gravel,  composed  of    chloritic  and  graphitic   schist, 
gneiss,  and    granite 5 

Chloritic  mica  schist  bed  rock. 

On  a  small  southern  tributary  of  Tisuk  Creek,  name  not  kno^i^* 
0  miles  from  the  coast,  there  is  said  to  be  near  the  level  of  the  river? 
flood  plain  5  feet  of  gravel  which  carries  from  3  to  10  cents  a  pan.  I^ 
has  been  worked  with  rockers,  yielding  from  $3  to  $10  per  day  to  the 
man.    The  ground  was  idle  in  1903  and  was  not  examined. 

In  addition  to  these,  several  other  small  streams  tributary  to  Bering 
Sea  north  of  Tisuk  Creek  are  reported  to  yield  colors  of  gold,  b^^^ 
none  of  them  have  been  worked.  On  one  of  these.  Sourdough  Creek- 
which  enters  the  north  end  of  the  lagoon  south  of  Cape  Dougl*^ 
Collier  j)annecl  in  1001  and  raised  one  color  of  gold.  The  bed  rocK 
consists  of  dark  slaty  schist  containing  many  intrusions  of  gree°' 
stone. 
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ELDORADO  RIVER  REGION. 
G£N£IL\L  DESCRirnON. 

Eldorado  River  has  its  source  within  a  few  miles  of  Salmon  Lake, 
from  which  it  is  separated  by  a  low  divide.  (See  topographic  map, 
PI.  VIII,  in  pocket).  It  flows  southward  through  a  broad  gravel- 
filled  valley  and  empties  into  Port  Safety  I^agoon.  The  bed  rock  of 
the  whole  baan  consists  of  the  schists  and  limestones  of  the  Nome 
group,  but  its  headwaters  are  in  limestones  correlated  with  the  Port 
Clarence. 

Placer  gold  has  been  reported  from  a  number  of  the  tributaries  of 
Eldorado  River.  Some  mining  is  said  to  have  been  done  on  San  Jose, 
Mulligan,  and  Fox  Creeks,  but  in  1903  mining  was  confined  to  Vene- 
fia  Creek,  though  large  areas  staked  for  placer-mining  purposes  are 
said  to  be  held  by  assessment  work  in  other  parts  of  the  drainage 
basin. 

VENETIA  CREEK. 

Venetia  Creek  is  an  eastern  tributary  of  Eldorado  River,  which  it 
enters  about  23  miles  from  the  coast,  and  can  be  reached  by  a  rough 
wagon  road  from  Nome.  Gold  was  discovered  and  some  mining  was 
done  on  this  creek  in  1900.  Since  then  it  has  been  worked  every  year 
and  the  total  production  has  probably  not  been  far  from  $6,000. 
Although  nearly  all  the  claims  are  owned  by  Italians,  the  name 
Venetia  is  not  after  the  historic  Italian  city,  but  after  the  discoverer 
of  gold  on  the  creek. 

In  the  -lower  2  miles  of  its  course  Venetia  Creek  flows  in  a 
sharply  cut,  narrow  gorge,  whose  walls  rise  almost  perpendicularly 
for  100  feet  to  a  series  of  comparatively  narrow  benches.  Above  this 
gorge  the  valley  widens  and  flood  plains  100  to  300  feet  wide  border 
the  stream  bed.  In  the  productive  portion  of  Venetia  Creek  the  bed 
rock  is  limestone  and  calcareous  chloritic  schists,  into  which  the  lime- 
stones appear  to  grade.  The  strikes  of  these  rocks  are  variable,  but 
mainly  northeast.  The  dip  also  is  not  constant,  the  bedding  being  in 
many  places  nearly  horizontal.  The  rocks  contain  small  veins  of 
quartz,  in  general  parallel  to  the  foliation,  but  locally  cutting  across 
it.  The  creek  gravels  consist  of  fragments  of  schist  and  limestone,  a 
few  pebbles  of  greenstone,  and  some  vein  quartz.  Little  gold  has 
been  mined  on  the  lower  part  of  the  creek,  but  for  3  miles  above  the 
canyon  the  gravels  have  l)een  productive. 

The  placers  are  all  of  the  creek  type,  and  though  the  topography 
indicates  that  there  are  terraces  along  the  valley  slopes,  it  is  not 
known  whether  they  carry  gold.  The  flood  plain  above  the  canyon 
is  from  100  to  ^K)  feet  wide,  but  the  pay  streak  is  only  10  to  50  feet 
wide.    A  large  part  of  the  placer  gold  is  found  in  the  crevices  of  the 


bed  roc^k.  In  the  lower  claims  the  gravel  and  overburden  have 
thickness  of  5  or  G  feet  und  n  oonHiderable  ft  mount  of  gold  is  ob- 
tfiined  from  the  gravel,  but  in  the  claims  near  the  upper  end  of  the 
productive  portion  practically  all  the  gold  Is  contained  in  the  crevices 
of  tlie  bod  rock  to  a  de[>th  of  3  or  4  feet.  J 

The  mining  Imn  all  been  done  bj  the  ''  shoveling  in  ''  method.    Near* 
the  lower  end  of  the  productive  portion  the  whole  ci'^k  has  been 
turned  out  of  its  bed  and  confined  in  a  ditch  along  one  side  of  the 
valle3^     A  system  of  well-built  ditchtis,  which  are  practically  sod  _ 
flumes,  is  one  of  the  interesting  features  of  the  workings*    The  goldl 
obtained  along  Veuetia  Croek  is  mostly  fine,  with  some  iHigget.s  worth 
several  dolhirs.    In  general  it  ii^  bright  and  is  characterized  by  flatj 
pieces  shapiH]  like  piunpkin  seeds.     The  assay  value  is  said  to 
$19.40,  (he  bright*yellow  color  being  indicative  of  the  high  percent 
age  of  gold.    Most  of  the  nuggets  are  sold  to  jewelers  in  Nome  fo| 
souvenir  making* 

SOLOMON   RIVER  REGION. 


INTRODUC'TIOK. 

Solomon  River  heads  close  to  the  Casadepaga^  from  which  it 
separated  by  a  low  dividcj  and,  flowing  i^outhward  for  20  mile 
empties  iutij  Port  Su fety  LEi^onn  nlinnt  ^0  miles  east  of  Xome,  Its' 
more  important  tributaries,  Shovel  Creek,  Big  Hurrah  Creek,  East 
P^ork,  and  Coal  Creek,  enter  at  right  angles  and  flow  approximately 
east  or  west.  The  placer  mines  of  the  region  are  accessible  from  the 
settlements  of  Solomon  and  Dickson,  at  the  mouth  of  tlie  river. 
Dickson  is  the  terminus  of  the  Council  City  and  Solomon  Elver  Kail- 
road.  The  harl)or  facilities  here  are  no  better  than  at  Nome,  and  at 
the  present  time  landings  are  fully  as  diflicult,  but  it  has  been  planned 
to  dredge  out  the  inlet  to  Port  Safety  Lagoon,  through  which  Solomon 
Kiver  discharges,  in  order  to  permit  the  entrance  of  lighters,  and  to 
construct  docking  along  the  land  side  of  the  lagoon.  If  the  other 
()|)enings  into  Port  Safety  Lagoon  should  be  closed,  compelling  all 
flic  tributary  waters  to  pass  out  b}^  the  inlet  at  the  mouth  of  Solomon 
River,  a  fair  channel  might  be  maintained  at  small  expense.  It 
should  1k^  borne  in  mind,  however,  that  with  the  developnuMit  of 
hydrauHc  mining  that  is  almost  certain  to  occur  along  Solomon  Kiver. 
much  sediment  will  be  contril)ute(l  to  the  stream,  and  this  will  make 
it  diflicult  to  k'cej)  a  chann.el  oj^(mi. 

For  5  miles  above  its  mouth  Solomon  Kiver  flows  across  the  coastal 
plain  in  a  broad  trench.     Its  gradient  here  probably  does  not  exceed 
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feet  to  the  mile.  In  the  floor  of  this  valley  the  river  is  entrenched, 
leaving  a  system  of  gravel  terraces  from  20  to  50  feet  above  the  water. 
Gravel  bars  from  100  to  500  feet  wide,  only  partially  covered  at 
ordinary  stages  of  the  water,  fill  the  river  bed. 

The  river  was  named  by  Pierce  Thomas,**  who  staked  Discovery 
claim  in  June,  1899.  In  the  same  season  the  river  and  its  tributaries 
were  prospected,  and  in  1900  probably  $10,000  worth  of  gold  was 
mined  in  this  district. 

The  bed  rocks  along  Solomon  River  are  limestone  and  schist  of 
the  Nome  group.  The  strikes  generally  have  a  north-south  direction, 
but  the  dips  are  low  and  in  some  places  the  rocks  lie  nearly  flat.  On 
the  eastern  side  of  the  valley  a  number  of  intrusive  masses  of  green 
igneous  rock  have  been  observed.^  Veins  and  stringers  of  more  or 
less  mineralized  quartz  are  common  in  the  schists,  both  parallel  with 
and  cutting  across  the  schist osity.  Many  of  them  cany  gold,  and 
at  Big  Hurrah  Creek  a  quartz  mine  is  in  successful  operation.  The 
following  assays  made  for  the  Survey  from  specimens  collected  in 
1900  and  1903,  none  of  which  are  to  l)c  regarded  as  commercial 
samples,  are  useful  as  indicating  the  sources  of  the  placer  gold.       ^ 

Three  samples  were  obtained  from  float  quartz  found  on  the  surface 
near  the  cropping  of  a  large,  partially  developed  quartz  vein  in 
graphitic  schist  on  the  hill  north  of  the  mouth  of  Big  Hurrah  Creek. 
Of  these,  one  carried  a  trace  of  gold  and  no  silver,  another  carried 
16  ounces  of  gold  and  1  ounce  of  silver,  and  the  third  contained  l.G 
ounces  of  gold  and  0.24  ounce  of  silver  to  the  ton.^     The  material  is 
bluish-white  quartz,  with  black  bands,  and  some  of  the  specimens 
«how  free  gold  in  fine  grains.     A  specimen  taken  from  a  large  vein 
in  the  Big  Hurrah  quartz  mine  yielded  an  assay  return  of  2.56  ounces 
of  gold  and  0.24  ounce  of  silver,  and  a  specimen  of  the  graphitic- 
schist  wall  of  this  vein  contained  0.16  ounce  of  gold  and  0.08  ounce 
of  silver.^    Most  of  the  gold  is  free,  and  picked  specimens  showing 
large  amounts  of  free  gold  have  been  obtained  both  in  the  mine  and 
in  the  wash  of  Big  Hurrah  Creek  below  the  mine.    A  specimen  from 
a  stringer  of  quartz  and  pyrite  nearly  a  foot  thick  exposed  in  the 
bed  rock  of  the  placers  about  a  mile  below  the  Big  Hurrah  mine 
yielded  an  assay  return  of  0.02  ounce  of  gold  and  a  trace  of  silver, 
»ndsome  ore  rich  in  antimony  said  to  have  come  from  a  vein  on  Last 
Chance  Creek,  a  tributary  of  Big  Hurrah  Creek,  was  found  to  con- 
Wn  only  traces  of  gold  and  silver.^'     Quailz  obtained  from  a  small 

"Brooks,  A.  H.,  Rlcbardson.  G.  K..  and  Collier,  A.  J..  Kpoonnalssancoa  In  the  Cnpc  Nome 
■^  Norton  Bay  regions,  Alaska,  In  1000,  a  spodal  publication  of  the  U.  S.  Geol.  Survey, 
1»01,  p.  100. 

^Brooks,  A.  H.,  et  al.,  op.  clt.,  pp.  29-31. 

«Anaj  by  B.  B.  Burlingame  &  Co.,  Denver,  Colo. 
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i^triiiger  in  the  schist  near  the  moiitli  of  Xugget  Creek,  a  tributary  of 
Soloniou  River,  contained  no  trace  of  either  gold  or  silver.^ 

Although  gold  has  been  found  along  Solomon  River  through  its 
whole  length,  the  placers  operated  in  1903  and  1004  are  all  located 
witliin  12  miles  of  the  eoast.  The  workings  are  in  bench(*s  along  the 
river,  where  ordinary  mining  methods  are  employed,  and  iu  the 
gravel  bars  of  the  river  bed  itself,  \\*heix?  several  dredges  have  been 
used*  The  mine^  along  the  lower  part  of  Solomon  River,  w^here'it 
crosses  the  coastal  plain,  have  not  been  examined  in  detail  by  the 
writers,  but  data  regarding  them  were  furnished  by  Messrs.  Puring- 
ion  and  Paige,  who  visited  them  in  1904,  These  placers  are  of  the 
river*bar  and  gravel -plain  type. 

A  system  of  ditches  to  bring  water  from  the  head  of  the  river  and 
its  tribntarieH  to  the  i)Iat*i*i"s  located  near  the  mouth  is  in  construction, 
and  it  is  probable  that  about  1,000  miner's  inches  of  water  under  a 
head  of  from  250  to  400  feet  will  be  availal>le. 


SOLOMON    RIVER  VALLET. 
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The  excavations  indicate  that  most  of  the  gravels  of  the  coastal 
plain  are  comparatively  shallow  and  that  the  lK*d  rock  under  the  riveiH 
bat's  is  not  deeply  covered.  A  river-bar  deposit  about  ^  miles  from 
the  coast  has  been  worked  for  two  seasons  by  a  dipper  dredge.  The 
pay  streak  here  has  an  average  width  of  about  200  feet  and  a  thick- ^ 
ness  of  9^  feet,  most  of  the  gold  being  concentrated  in  the  lower 
part.  It  rests  upon  a  soft  mica-schist  bed  rock  which  is  mined  by  the 
shovel  to  a  depth  of  about  1  foot.  Overlying  the  bed  rock  is  a  layer 
of  clay  several  inches  thick  that  carried  good  values.  The  pay  streak 
is  said  to  he  spotted,  but  has  been  estimated  to  contain  from  12  to  30 
cents  to  the  cul)ic  yard. 

Near  this  poirit  mining  is  in  progress  in  the  river^s  flood  plain, 
whicli  is  about  400  feet  wide.  Tlie  deposit,  which  resembles  that  just 
described,  rests  upon  a  l)ed-rock  floor  about  3  feet  higlier  than  that  of 
the  river  bed,  and  tlie  gold  is  mostly  contained  in  a  soft  clay  that  over- 
lies the  bed  rock.  Two  ditclies,  one  3  miles,  the  other  0  miles  long. 
supi)ly  about  1,000  inclies  of  water.  Mining  is  done  by  the  shoveling- 
in  process,  but  it  is  proposed  to  use  the  water  for  hydraulicking  in 
the  future. 

In  li)0))  niining  was  done  on  a  bench  on  tlie  left  side  of  the  rivcL^ 
about  ()  miles  from  the  coast.  The  section  exposed  shows  4  or  5  fee"^3 
of  nnu'k  and  sand  above  4  feet  of  pay  gravel  resting  upon  bed  rocki  - 
aljout  8  feet  above  the  water  of  tlie  river.  The  placer  gold  has  pen^*-- 
t rated  the  crevices  of  tlie  limestone  bed  rock  to  a  depth  of  about   -4 
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river.     The  gold  is  described  as  consisting  of  coarse  nuggets  mixed 
with  fine  gold,  all  of  which  is  worn  smooth." 

A  deposit  worked  by  a  dredge  near  the  mouth  of  Big  Hurrah 
Creek,  about  8  miles  from  the  coast,  w^as  examined  in  September, 
1903,  after  work  had  closed  for  the  season.  The  river  becl  here  is 
about  150  feet  wide  and  consists  of  gravel  bars,  most  of  which  are 
above  water  except  during  floods.  The  gravel  is  from  2  to  G  feet 
thick.  Several  pans  tested  by  Mr.  Collier  yiekled  3  or  4  cents  in  com- 
paratively coarse  gold.  These  can  not  l)e  regarded  as  average  sam- 
ples, however,  as  they  were  taken  from  parts  of  the  gravel  known  to 
be  rich.  One  cut  about  40  feet  wide  and  several  hundred  feet  long, 
in  the  middle  of  the  channel,  has  l)een  dredged  out.  In  dredging 
below  the  river  bed  frozen  gravel,  which  the  dredge  was  unable  to 
handle,  was  found  in  some  places,  and  on  this  account  the  dredge  was 
moved  near  the  end  of  the  season,  but  the  gravels  at  the  new  location 
were  not  found  to  contain  sufficient  gold  to  pay  for  mining.  The 
machine  was  equipped  with  18  or  20  buckets,  having  a  capacity  of  1 
cubic  foot  each,  on  an  endless  chain,  and  gravel  from  the  buckets  was 
dumped  first  into  a  revolving  trommel  from  which  the  finer  gravel 
and  sand  fell  into  two  lines  of  sluice  l)oxes,  each  about  CO  feet  long, 
supplied  with  ordinary  iron  riffles.  This  plant  was  said  to  have  a 
capacity  of  400  to  500  yards  a  day  of  twenty-four  hours. 

Near  the  mouth  of  East  Fork,  about  15  miles  from  the  coast,  the 
river  bed  and  flood  plain  have  a  width  of  800  to  500  feet,  and  the 
gravels,  which  are  from  5  to  8  feet  thick,  rest  upon  schist  and  lime- 
st<me  bed  rock.  .  The  gold  is  fine,  flat,  and  smooth  and  is  said  to  be 
uniformly  distributed  through  the  gravel,  whicli  is  reported  to  carry 
upward  of  $1  to  the  cubic  yard.  A  ditch  taking  water  from  Solomon 
Biver  at  the  mouth  of  Coal  Creek  has  been  constructed,  and  mining 

with  a  hydraulic  nozzle  and  elevator  began  late  in  the  season  of  11)04. 
Above  Coal  Creek,  near  the  point  where  the  trail  leaves  Solomon 

Biver  to  cross  the  divide  to  Ruby  Creek  and  the  Casadepaga,  several 

claims  were  worked  in  1900.    In  the  bed  of  the  river  about  4  feet  of 

gravels  overlie  a  calcareous  mica  schist.    The  gold  is  fairly  coarse. 

Several  $3  and  $4  nuggets  were  found,  but  few  of  the  larger  pieces 

^ceeded  25  cents  in  value. 

JEROME   AND    MANILA    CREEKS. 

Jerome  and  Manila  creeks  are  two  short  western  tributaries  of 
Solomon  Biver  within  a  few  miles  of  the  coast,  heading  within  the 
^^oastftl  plain.  Some  development  work  on  these*  creeks  was  reported 
*s  early  as  1900.^    The  localities  were  not  again  visited  in   1903. 

'Thto  Informatioii  was  obtained  by  Joseph  Edge,  packer  for  the  Survey  party. 
'Brooka^  A»  H^  Richardson,  G.  B.,  and  Collier,  A.  J.,  Reconnaissances  In  the  Cape  Nome 
'^  Norton  Baj  restoiis,  Alaska,  in  1900,  a  special  publication  of  the  U.  S.  Geol.  Survey, 
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These  occurrences  of  gold,  even  though  they  were  not  worked  profit- 
ably, are  of  interest,  because  they  go  to  prove  that  there  is  gold  in 
the  coastal  plain.  They  suggest  that  this  tundra  belt  may  contain 
placers  of  the  gravel-plain  type. 

SHOVEL   CREEK. 

Shovel  Creek  flows  into  Solomon  River  from  the  west  about  4  miles 
from  the  coast.    It  heads  in  a  divide  about  2  miles  from  the  Casade- 
paga  and  flows  nearly  southward  to  its  junction  with  Solomon  River. 
Although  not  a  very  long  stream,  it  has  a  large  drainage  area  and 
carries  during  ordinary  seasons  about  500  inches  of-  water.    The 
topographic  map  shows  that  the  creek  has  a  gradient  of  about  100 
feet  to  the  mile.     Through  the  greater  part  of  its  course  it  spreads 
over  wide  gravel  bars,  none  of  which  have  produced  placer  gold  np 
to  the  present  time.     The  bed  rock  of  the  Shovel  Creek  basin  consists 
for  the  most  part  of  limestones  and  calcareous  mica  schists.    Xear  the 
head  of  the  creek  there  are  some  intrusions  of  greenstone.    No  peb- 
bles that  could  not  be  traced  to  these  bed  rocks  have  been  found  in  the 
creek  gravels.    Mining  operations  in  the  Shovel  Creek  basin  are  con- 
fined to  three  small  tributaries — Mystery,  West,  and  Kasson  creeks. 

MYSTERY   CREEK. 

Mystery  Creek  flows  into  Shovel  Creek  about  2  miles  from  Solomon 
River.  In  1900  mining  in  this  basin  was  limited  to  Problem  Gulch, 
a  small  tributary  2  miles  above  Shovel  Creek,  and  the  placer  was  con- 
fined to  the  l>ed  of  the  gulch,  in  which  2  to  3  feet  of  gravel  rested 
upon  a  decomposed  schist  bed  rock  containing  placer  gold  to  a  depth 
of  about  3  feet.  The  gold  was  rather  coarse  and  of  a  bright  yellow 
color.  Crosscuts  in  an  ill-defined  bench  on  both  sides  of  the  gid<i 
for  about  20  feet  were  said  to  pay,  but  not  so  well  as  tlie  creek  bed 
Mystery  Creek  was  not  visited  by  Collier  in  1903,  but  it  was  reported 
that  three  or  four  outfits  of  about  six  men  each  were  sluicing  along 
its  course. 

WEST    CREEK. 

W'qA  Crook,  a  tributary  to  Shovol  Creek,  4  miles  from  the  Solomon 
Valloy,  flows  across  tho  strike  of  the  schist  and  limestone  bed  rock. 
Iioro  (lipping  to  tho  nortliwest  at  an  angle  of  45°.  In  the  creek  W 
from  3  to  4  foot  of  gravel  overlies  l)ed  rock.  The  gold  near  th^ 
month  of  tlio  (a*ook  is  rather  fine,  but  increases  in  coarseness  toward 
tho  Iioad.  Garnet,  magnetite,  and  some  pjo'ite,  chalcopyrite,  9xA 
arsonopyrito  are  associated  with  tho  gold  in  the  sluice  boxes.  It  is 
reported  that  in  1003  work  was  in  progress  on  nine  claims,  wiUl  prob- 
ably only  three  or  four  men  employed  in  shoveling  in  on  each  dw©« 


NOME   PRECINCT.  227 

KAS80N    CREEK. 

Kasson  Creek,  which  enters  Shovel  Creek  from  the  east,  flows  over 
a  limestone  bed  in  which  the  water  sinks  so  that  throughout  much  of 
its  length  it  is  dry,  even  after  heavy  rains.  In  1903  mining  was  being 
carried  on  in  the  creek  bed  for  about  1  mile  up  from  its  mouth.  The 
bed  rock  here  is  massive  limestone  fissured  and  broken  up  into  frag- 
ments. The  gold-bearing  sediments  lie  upon  this  limestone  and  pene- 
trate the  crevices  to  an  unknown  depth.  During  the  mining  opera- 
tions excavations  have  in  some  places  penetrated  the  bed  rock  to  a 
depth  of  20  or  30  feet,  giving  the  workings  the  appearance  of  quarries 
rather  than  of  placer  mines.  The  pay  streak,  which  is  in  the  main 
confined  to  the  creek  bed,  has  a  width  of  10  to  100  feet.  For  about  a 
mile  along  the  creek  the  claims  are  under  one  control  and  are  worked 
as  a  unit:  Water  is  supplied  from  Shovel  Creek  by  means  of  a  ditch 
about  2  miles  in  length,  and  the  l)ed  rock,  in  which  the  gold  occurs  in 
crevices  and  fissures,  is  quarried  out  in  irregular  blocks  and  washed 
in  sluice  boxes,  together  with  the  sediments  from  the  fissures. 

PENNY    CREEK. 

Penny  Creek  is  a  small  tributary  to  Solomon  River  from  the  west 
side,  about  5  miles  from  the  coast.  Its  valley  floor  is  about  200  feet 
wide,  and  the  creek  has  cut  its  channel  in  this  floor  to  a  depth  of  20 
feet,  leaving  a  series  of  benches.  The  volume  of  the  stream  during 
wet  weather  is  equal  to  about  a  sluice  head,  but  in  dry  seasons  the 
water  sinks  beneath  the  bed  rock. 

The  creek  deposits  are  limestone  and  mica-schist  pebbles  cemented 
with  clay.  The  gravel  in  some  places  rests  directly  upon  broken  lime- 
stone bed  rock  that  has  been  penetrated  by  the  alluvial  gold,  but  more 
commonly  a  bed  of  clay  intervenes  between  the  limestone  and  the  pay 
streak.  In  a  placer  2  miles  above  the  mouth  of  the  creek  2  feet  of 
gravel  was  observed  resting  upon  a  mixture  of  broken  limestone  and 
clay  that  had  been  excavated  to  a  depth  of  4  feet.  Although  the 
creek  has  produced  considerable  gold  since  1900,  the  scarcity  of  water 
makes  it  difficult  to  work.  Nearly  all  the  gold  has  been  obtained  by 
the  use  of  rockers,  and  sluicing  can  be  done  only  for  a  few  weeks  each 
year  after  periods  of  heavy  rain. 

BIG    HURRAH    CREEK. 

General  description. — Big  Hurrah  Creek,  which  has  produced 
more  gold  than  any  other  tributary  of  Solomon  River,  is  a  confluent 
from  the  east  about  7  miles  from  the  coast.  At  its  mouth  it  carriesx 
over  500  inches  of  water.  Through  the  lower  5  miles  of  its  course 
the  gradient  of  the  stream  does  not  exceed  50  feet  to  the  mile.    The 
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creek  flows  in  a  cotnpa  rati  rely  straight,  narrow  canyon  incised  tiTir 
depth  of  UK)  feet  In  the  floor  af  a  broad  valley  that  represents  an 
older  period  of  erosion.  The  gravel  deposits  of  the  older  valley  are 
left  as  Ijeneh  deposits  resting  upon  a  bed-roek  floor  10  to  30  feet 
above  the  creek* 

The  KchiHts  and  luiiestones  composing  the  bed  rock  have  low  dips, 
uikd  though  the  strike  in  not  itniform  it  is  generally  parallel  with  the 
CQiu-se  of  the  vtilley.  Quartz  veins  are  of  coniinon  occurrence,  b<jth 
cutting  across  the  bedding  and  parallel  with  it.  Some  of  these  veiuj^ 
which  are  of  economic  importance  are  descril>ed  c)n  page  - — ,  The 
creek  ted  ranges  in  width  fi*oni  100  to  r>00  feet,  and  is  filled  with 
gravel  deposits  derived  in  part  from  the  immediate  bed  rock  and  in' 
part  from  the  older  gi'avels  of  the  benches.  Gold  was  discovered 
and  mining  operations  iR^gun  on  Big  Hurrah  Creek  in  1900,  but  the 
production  of  that  year  was  companitively  small.  In  1903  mining 
was  confined  to  the  wide  gravel  bars  and  floo<l  plain  for  3  miles 
above  the  mouth,  but  some  proH}>ecting  was  done  farther  upstream, 

The  methods  of  mining  along  Big  Hurnili  Creek  have  Ixim 
extremely  primitive,  most  of  the  mining  having  been  done  by  lay- 
men, who  leased  small  areas  by  the  season.  The  waters  of  the  rreek 
are  nsnally  turned  to  one  side  of  the  valley  while  the  shallow  gravek 
an*  workeil  either  with  rockers  or  by  shoveling  into  sluices.  As  ifl 
general  rule  the  laymen  who  have  worked  for  tB  per  cent  of  the" 
returns  hnvi'  tnken  <Mit  hardly  more  than  $5  per  dny.  The  credv 
})lacers  appear  to  be  well  adapted  for  exploitation  either  with  steam 
shovel  or  with  horses  and  scrapers,  but  hydraulicking  is  not  to  be 
reconuuended,  because  of  the  low  gradient  of  the  stream  and  the 
thinness  of  the  deposit. 

Some  mining  was  done  in  IDOH  in  the  creek  bed  and  on  a  low  bench 
al)ont  10  feet  above  the  creek  IxmI  at  the  mouth  of  Lion  Creek.  The 
bed  rock  is  a  soft  schist  which  dips  about  20^^  NE.  The  pay  streak 
in  the  creek  bed  was  froui  10  to  1^0  feet  wide  and  consisted  of  2  or  -> 
feet  of  gravel  overlying  tlie  decoinj)()sed  lied  rock,  in  which  most  of 
the  gold  was  found.  The  ])ay  streak  j)robably  does  not  average  more 
than  $1  to  the  cul)ic  yard.  On  the  bench  claim  the  bed  rock  was 
overhiiu  liy  li  or  ^>  feet  of  black  gravel.  Mining  on  the  creek  claim 
was  done  by  shoveling  in,  l)ut  an  attempt  had  been  made  to  hydraulic 
the  bench  with  water  brouglit  in  a  ditch  from  the  south  fork  of  Big 
Hurrah  Creek  with  a  head  of  about  200  feet.  In  September,  100^^, 
operations  had  l)een  sus|)ended. 

Qiuirf-c  rr'nis. — Since  mining  began  on  Big  Hurrah  Creek  a  great 
uiany  specimens  of  vein  (juartz  containing  free  gold  have  been  found 

ihe  ohnu'r-  ln  an  ci>.     Some  (?f  the^e  luut^  bt>eu  traced  to  tl 


KOME  PRECINCT. 


229 


lurrah  Creek,  near  the  mouth  of  Little  -Hurrah  Creek.  This  bench, 
srhich  is  from  a  quarter  to  half  a  mile  wide,  is  not  covered' with 
Tavel  and  rises  very  gently  toward  the  hills  to  the  southeast.  The 
ountry  rock  at  the  mine  is  hard,  siliceous,  graphitic  schist,  lying 
learly  horizontal,  and  the  quartz  veins  seem  to  be  confined  to  bed 
ock  of  this  type,  for  they  have  not  been  traced  into  the  schists  and 
imestones  that  overlie  them  about  a  quarter  of  a  mile  to  the  east, 
n  the  graphitic  schist  the  quartz  veins  fill  fissures  that  cut  across 
he  bedding,  are  more  nearly  vertical  than  horizontal,  and  strike 
fiorthwest  and  southeast.     In  1903  three  veins  were  being  developed 


Pio.  1.^. — Sketch  map  and  Hoctlon  of  Big  Hurrah  mine. 

^this  property  by  short  tunnels.  (See  fig.  13.)  The  southernmost 
^«in  strikes  N.  60*"  W.,  the  middle  vein  strikes  N.  55°  W.,  and  the 
'^h  vein  strikes  N.  60**  W.  These  directions  were  determined, 
j  bowever^  from  short  exposures  of  not  exceeding  100  feet,  and  they 
I  luay  be  more  nearly  parallel  than  the  notes  indicate.  The  distance 
Wetween  the  south  vein  and  the  middle  vein  is  about  100  feet,  and 
fctwe^i  tlie  middle  vein  and  the  north  vein  about  125  feet. 

The  main  ^haft  of  the  mine  is  located  on  the  bench  east  of  Little 
Creek,  CO  feet  above  the  level  of  the  creek  bed,  close  lo  Wve^ 
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middle  vein,  and  hm  a  depth  of  135  feet  (11)04).  On  the  60- foot 
level  the  main  drift  follows  the  vein  for  about  70  feet  on  each  side 
of  the  shaft.  AppareJitJy  tJiere  lias  liec^ii  some  nioveraent  along  this 
fissure  Binca  the  quarts  wa*i  dcpo^aited,  for  there  is  slickensiding  on 
tht^  hanging  wall  and  a  gouge  of  crushed  schLst  and  quartz.  The 
lode  itHeJf,  which  is  from  4  to  5  feet  witle,  cond^ts  of  quartz  arranged 
in  ribbons  and  bimd^,  gome  of  them  more  than  I  foot  wide.  Here 
and  tliero  are  horses  of  what  appean=>  tn  l>e  black  schif^t  In  the  veinj 
and  these  are  deforuied  pa  nil  lei  to  the  banding  of  the  quartz.  Bot 
the  hajiging  and  foot  walU  show  some  irregularity.  ^Vlong  the  fo 
^vall  of  the  vein  there  is  no  gouge  like  that  of  the  hanging  wall,^ 
but  the  quartz  is  in  close  contact  with  the  apparently  unaltered  stylist 

A  crosscut  near  the  main  shaft  leads  to  the  south  vein,  whic 
was  found  to  consist  of  many  small  stringei^  running  through  the* 
bed  rock.     A  drift  follows  this  vein  for  about  250  feet  from  its 
outcrop  on  the  bank  of  Little  Hurrah  Creek.     Here  it  shows  4  or 
feet  of  ribbon  ore  in  one  body  and  dips  to  the  south  parallel  witi 
ihi^  dip  of  the  middle  vein* 

The  third  vein,  wliich  is  the  niost  northerly  one,  has  been  develof 
by  a  tunnel  from  the  bank  of  Little  Flurrah  Creek.  It  ranges  iai 
width  from  about  4  to  7  or  ^  ft^t.  The  dip  is  to  the  northeast,  bu^ 
the  vein  seems  to  be  more  irregular  than  either  of  the  others  and 
the  hanging  wall  is  cut  by  many  small  seams  of  quarts.  At  the  out 
crop  a  hir^^r  strintfur  loEids  ulF  on  I  he  haii^^trig-wiill  side  and  is  sepa- 
rated from  the  main  vein  by  2  or  3  feet  of  schist.  At  the  end  of 
tlie  tunnel  the  vein  splits  into  smaller  veins  on  either  side  of  a  mass 
of  black  schist.  Where  exposed  in  a  crosscut  on  the  surface  about 
150  feet  southeast  of  the  mouth  of  the  tunnel  this  vein  is  broken  up 
into  many  small  stringers,  hut  here  also  carries  values. 

A  ninnl)er  of  jjros|)ect  holes  and  oj)en  cuts  were  made  west  of 
Little  Hurrah  Creek  for  the  ])ur})ose  of  tracing  the  lode  to  the 
northwest,  and  it  is  believed  to  have  been  recognized  for  1,000  feet 
along  the  strike.  On  the  west  bank  of  Little  Hurrah  Creek,  in  wdiat 
appears  to  be  the  outcro])  of  the  northern  portion  of  the  lode,  the 
([uartz  occurs  in  small  irre^gular  veins,  having  a  maximum  thickness 
of  2  feet  and  a  dij)  to  the  noi'theast  parallel  to  that  of  the  same 
vein  on  the  west  side  of  the  cr'eek.  Excavations  (m  the  line  of  exten- 
sion of  the  middle  vein  had  caved  in,  so  that  it  was  impossible  to  see 
the  rock  in  j)lace,  though  there  was  considerable  ore  on  the  dump. 
For  about  400  feet  west  of  Little  Hurrah  Creek  excavations  have 
been  made  on  the  surface  of  the  l)ench,  exposing  many  small  masses 
of  vein  (juartz  from  2  to  (>  inches  thick,  which  seem  to  represent  the 
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that  are  so  broken  up  on  the  surface  may  be  found  to  be  united  into 
larger  masses  in  depth. 

No  statement  of  the  assay  value  of  this  ore  has  been  given  out  by 
the  operators  of  the  mine  and  no  attempt  was  made  to  take  com- 
mercial samples.  A  large  part  of  the  gold  is  free  and  before  the 
mine  was  developed  the  outcrops  yielded  many  specimens  in  which 
free  gold  could  be  seen.  A  specimen  that  did  not  show  any  visible 
gold  was  assayed  and  found  to  contain  2.56  ounces  of  gold  and  0.24 
ounce  of  silver  to  the  ton.<»  The  ore  does  not  appear  to  contain 
pyrite  or  other  metalliferous  impuritie^s,  but  is  banded  with  layers  of 
graphite,  which  seem  to  have  been  derived  from  the  graphite  schists 
forming  the  walls.  It  is  reported  that  this  graphite  interfered  with 
milling  operations,  so  that  it  was  difficult  to  save  all  the  gold.  A 
sample  of  the  tailings  from  the  stamp  mill  was  found  by  assay  to 
contain  0.92  ounce  of  gold  and  0.16  ounce  of  silver  to  the  ton,*  indi- 
cating that  the  milling  process  had  not  extracted  all  of  the  gold. 

The  ore  from  the  main  shaft  of  this  mine,  as  well  as  that  from 
the  various  prospecting  tunnels  and  holes,  is  crushed  in  a  20-stamp 
milL  Water  power  for  the  mine  is  supplied  from  a  ditch  leading 
from  the  south  fork  of  Big  Hurrah  Creek  to  a  penstock  100  feet 
above  the  creek,  from  which  the  water  is  conducted  in  a  sheet-iron 
pipe  to  a  Pelton  wheel  at  the  level  of  the  creek.  The  free  gold  is 
amalgamated  in  the  battery  and  on  copper  plates,  after  which  the 
coarser  and  heavier  tailings  are  caught  on  iron-wire  riffles  and  the 
finer  slimes  are  held  in  a  large  pool  made  on  level  gi'ound  near  Big 
Hurrah  Creek  by  a  dam. 

On  the  summit  of  the  hill  between  Big  Hurrah  Creek  and  Solo- 
mon River,  about  three-fourths  of  a  mile  northwest  from  the  Big 
Hurrah  mine,  similar  veins  outcrop  and  have  been  developed  by  a 
prospecting  shaft,  about  7  feet  square,  wholly  within  the  ore  body. 
In  September,  1903,  the  only  exposure  of  the  quartz  in  place  was  in 
this  shaft,  and  attempts  to  trace  the  course  of  the  lode  had  not  been 
very  successfuL  From  this  opening  the  Big  Hurrah  mine  bears 
S.  61®  E,,  and  it  is  believed  that  the  course  of  the  vein  or  lode  is 
toward  this  mine.  Some  shallow  trenches  that  have  been  cut  across 
this  course,  seyeral  hundred  feet  to  the  southeast  of  the  main  open- 
ing, fail  to  show  any  defined  vein,  though  a  great  deal  of  ore  has 
been  thrown  out.  The  prospect  holes  have  not  penetrated  the  deep 
cover  of  partially  decomposed  schist  debris,  and  they  offer  little 
evidence  with  regard  to  the  course  of  the  quartz  ledge.  Much  of 
the  quartz  here  is  coated  with  iron  nist.,  but  shows  a  banded  or 
"ribbon"  structure  similar  to  that  at  the  Big  Hurrah  mine,  and 
many   specimens    showing    spangles    of    free    gold    were    obtained. 

•Assay  by  K.  E.  Biirlin^anu'  &  Co.,  Denvor,  Colo. 


Three  assays  madcs  from  material  collected  at  tliis  place,  none  ol 
which  van  be  regarded  as  representative,  as  the  small  amount  of 
(levelopmL^nt  made  it  impusmble  to  obtain  an  average  ^mn^ple^  are 
m  follows:  *  I 
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There  apjK^ared  to  W  suftieient  gold*U*ariiig  quartz  hero  exposed 
to  juHtify  further  >?earch. 

The  discoveries  of  gold  ore  already  made  have  encouraged  prospect^ 
ing  for  quartz  and  maiij  claim.s  have  lu'en  staked.  One  of  the^se, 
whicli  cuts  across  Big  Hurrah  Creek  a  Unit  a  mile  above  its  mouthy 
is  on  a  vein  about  a  foot  wide,  parallel  ivifh  the  bedding  of  the 
schist,  which  here  strikes  nearly  north  Hud  eoutli*  The  ore  consists 
of  quarts  strongly  mineral isied  with  pyrite,  and  when  assayed  was 
found  to  contain  an  ounce  of  gold  to  the  ton  and  a  trace  of  silver.  A 
specimen  rich  in  antimony,  reported  to  have  come  from  a  vein  on  Last 
Chance  Creek,  a  tributary  of  Big  Hurrah  Ci'eek  on  the  north  sidfl| 
yielded  a  trace  of  hoth  gold  and  silver.  Another  specimen,  which 
consisted  largely  of  some  mineral  in  which  antimony  was  predom- 
inant, contained  0.24  ounce  of  gold  and  1.10  ounces  of  silver  to  the  ton. 


LION  (•r?:?:k. 

Mining  was  going  on  in  1903  in  the  basin  of  Lion  Creek,  a  tributary 
to  Big  Hurrah  Creek.  5  miles  from  its  mouth.  Throughout  the  work- 
ings the  gravel  averaged  about  4  feet  in  thickness  and  carried  gold 
more  or  less  irregularly  distributed  from  the  surface  down.  Though 
generally  richer  on  the  bed  rock,  the  gold  was  not  found  in  the 
crevices  to  any  considerable  depth.  The  gravels  at  a  point  half  a  mile 
fi'om  the  mouth  of  the  creek  are  reported  to  have  yielded  about  $1.7C 
in  gold  to  the  cubic  yanl,  and  li  miles  above  the  tenor  was  about  $^ 
a  cubic  yard.  A  ju'osjxH't  tunnel  100  feet  long,  driven  into  the  benct 
de])osit  on  the  north  side  of  the  creek  -2  miles  from  the  mouth,  follows 
the  surface  of  the  bed  rock,  which  here  lies  about  20  feet  above  higt 
water.  This  tunnel  shows  that  the  l)ed-r()ck  floor  upon  which  th< 
bench  gravel  rests  is  nearly  horizontal.  Though  colors  of  gold  wert 
found  in  these  gravels  u])  to  P.K)r).  no  i)ay  streak  yielding  as  much 
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PINE  AND  CACHE  CREEKS. 

Pine  and  Cache  creeks  flow  into  lagoons  connected  with  Bering 
Sea  about  5  and  10  miles,  respectively,  east  of  Solomon.  They  are 
both  relatively  small  streams  which  head  in  the  highland  and  take 
tortuous  courses  across  the  coastal  plain.  These  streams  have  not 
l^een  examined,  but  their  gravels  are  said  to  be  auriferous,  and  some 
prospecting  has  been  done  along  their  valleys. 

NOTES   ON    RECENT   DEVEIX)PMENT. 

In  1906  the  Solomon  River  region  was  hastily  visited  by  Philip  S. 
Smith,  of  the  Geological  Survey,  just  before  the  freeze-up,  when 
mining  was  almost  at  a  standstill  for  the  season.  The  following 
notes  furnished  by  him  give  the  latest  facts  regarding  the  work  in 
progress  on  Solomon  River  below  East  Fork : 

At  the  mouth  of  Quartz  Creek  two  small  outfits  had  been  working  the 
gravels  lying  from  10  to  30  feet  above  the  river  level.  The  size  of  the  dumps 
indicated  that  not  much  ground  had  been  turned  over  in  the  last  season, 
but  data  were  not  available  as  to  values,  etc.,  as  all  the  camps  had  closed 
down  at  the  time  of  my  visit  During  the  season  a  drill  had  been  used  in 
prospecting  the  gravels  near  Quartz  Creek,  but  was  not  in  operation  when  I 
passed. 

A  short  distance  above  the  mouth  of  Penny  Creek  a  small  amount  of  work 
was  in  progress  on  gravels  which  occur  near  the  contact  of  chloritic  schist  and 
limestone.  Downstream,  between  Penny  and  Shovel  creeks,  an  outfit  was 
hydraulicking^  gravels.  Two  pipes  were  in  operation  and  four  two-horse 
scrapers.  It  is  reported  that  a  steam  shovel  has  ]>een  in  operation  on  Solomon 
River  this  season,  but  at  the  time  of  my  visit  it  had  been  removed  to  Shovel 
Creek. 

The  most  active  work  in  the  district  was  at  the  dredge  on  Solomon  River 
near  the  mouth  of  Rock  Creek  (PI.  IV).  Mining  had  been  in  progress  all 
summer  and  was  being  carried  on,  owing  to  the  late  date  of  the  freeze-up,  even 
as  late  as  the  first  of  October.  The  lode  mine  on  Big  Hurrah  Creek  was  not 
visited,  but,  although  continuously  in  operation,  no  new  developments  from  that 
place  have  been  reported  during  the  last  season. 

COUNCIIi  PRECINCT. 

INTRODUCTION. 

The  Council  precinct  includes  all  the  drainage  tributary  to  Golof- 
nin  and  Norton  bays  as  far  east  as  the  divide  between  Kwiniuk  and 
Tubutulik  rivers.  This  is  an  area  of  extensive  lowlands  and  fiat- 
topped  uplands  from  800  to  1,000  feet  high,  together  with  some  moun- 
tains from  2,000  to  3,500  feet  high.  (See  map,  PL  VIII,  in  pocket.) 
A  broad,  gravel-covered  plain  extends  up  Fish  and  Niukluk  rivers 
for  25  miles  from  tide  water  and  another  depressed  area,  almost  sur- 
rounded by  hills,  lies  on  upper  Fish  River.    The  Bendeleben  Moun- 
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lains  form  the  nortliera  boundary  of  the  district  and  the  Darby 
Mountains,  a  lower  group,  lie  to  the  southeast.  The  deposit^s  of  these 
lowland  ai-e^s  have  been  described  under  the  heading  "*  Gravel-plain 
deposits  "'  (pp.  8<>-ft*^)j]n  the  Hc^ction  on  general  geology, and  the  origin 
of  the  basins  themselves  has  Ijcen  briefly  discussed.  The  flat-topped 
liills  form  the  tlorniiiunt  topognipliic  type  in  the  district  and  are  t! 
i<emuftnt^  of  a  partially  base-lnveled  area  that  was  uplifted  and  later 
dissected  into  a  system  of  1  tenches  tluit  break  the  valley  slopi*s  and 
mark  erosional  surfaces  intennediate  between  the  plateau  and  low- 
land levels.  Most  of  the  precinct  drains  into  Fish  River,  whirh 
headR  in  the  Bendelel^eu  Mountains  and  empties  into  GDlofniu  Sotind. 
Its  principal  tributary,  the  Niukluk,  in  whose  drainage  basin  lie 
nearly  all  the  placer  mines  now  l>eing  ojierated,  joins  Fish  River  from 
the  west  about  20  miles  from  (iolofnin  Sound, 
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GEOLOGY. 

Two  larger  subdivisions  of  tlie  bed  rock  have  been  recognized  in! 
this  region,  the  Kigluaik  gi\>u[>  l>eing  the  older  and  the  Nome  group] 
tlie  y o  \  I  nge  r .     ( See  geo  1  ogi  <.u  u  a  p ,  P 1 .  X  •  i  n  poc  ke  I . )     The  N  ome  groi  i| 
contains  a  massive  limestone  of  8ilurian  age,  called  the  Poil  Olai^l 
ence,  which  has,  howe^^er,  only  in  part  been  differentiated  on  the  map| 
from  the  i^st  of  the  terrane*     Intruaive^i  are  plentiful  in  the  oldef 
series  and  greenstones  are  found  everywhere  in  association  with  the 
rocks  of  the  Nome  group.    The  Kigluaik  group  occupies  .a  broad  east- 
west  bolt  in  the  nortlicrn  part  of  the  precinct.     It  consists  of  dark- 
colored  biotitc  schists,  quartzitcs,  and  very  highly  crystalline  lime- 
stones interbedded  with  sills  of  acidic  igneous  rocks  which  have  been 
alterinl  to  gneiss.     The  whole  seri(\s  is  again  cut  by  dikes  and  sills  of 
inialtei'ed  gi'anite.      Although   these   I'ocks  also  contain   souk*  quartz 
veins  the   region   underlain   by   them   has  not   been   found   to   include 
W()r'ka])le  j)lacers. 

A  i)?"oad  ])elt  of  granite  touches  the  southeastern  j)art  of  the  pre-. 
cinct  and  has  beeu  described  l)y  ^Nlendenhall  "  as  an  intrusive  in  the 
uietanioi'j)hic  rocks.  This  granite  is  not  known  to  be  gold  bearinfr 
ami  hence  lies  outside  of  the  province  of  the  pivsent  discussion. 

The  bed  rock  of  the  greater  })art  of  the  ])lacer-bearing  region  con- 
sists of  inetaui()rj)hic  schists  and  limestones  of  the  Nome  group  lying 
south  of  the  Kigluaik  Mountains,  llie  schists  are  of  various  kinds, 
including  siliceous  uiica  scliist,  calcareous  mica  schist,  feldspathie 
chloritic  schists,  and  graj)hitic  schists.  The  limestones  vary  in  their 
degree  of  metaniorphi^ni  and  purity,  ranging  from  moderately 
alt(U"ed    fossil if(*rous   rocks  to   marbles  and   calcareous  schists.      The 
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sohists  include  sills  and  dikes  of  basic  rocks,  whose  igneous  origin  is 
evident.  In  many  places  these  appear  to  shade  off  into  chloritic 
schists,  but  this  has  not  been  certainly  determined. 

Within  the  region  here  under  discussion  are  several  areas  of  lime- 
stone correlated  with  the  Port  Clarence  (see  geologic  map,  PL  X,  in 
pocket)  of  irregular  outline.  These  rocks  vary  in  character  from 
blue  fossiliferous  limestone  to  highly  crystalline  marbles.  While  they 
are  not  generally  believed  to  be  gold  bearing,  and  the  unaltered  masses 
certainly  are  not,  zones  of  mineralization  are  often  found  at  their 
contact  with  the  schists. 

The  metamorphic  i^ocks  of  the  Nome  group  in  this  region  contain 
numerous  small  veins  and  stringers  of  mineralized  quartz  and  calcite, 
many  of  which  carry  gold,  some  of  it  visible  but  more  commonly 
inclosed  in  sulphide  minerals.  In  a  few  places  the  schists  contigu- 
ous to  the  quartz  veins  also  carry  free  gold.  In  these  veins  and  min- 
eralized zones  the  placer  gold  has  its  source.  Copper  ores  have  also 
been  found  in  some  of  the  veins  and  veinlets.  No  veins  of  either  gold 
or  copper  large  enough  for  mining  have  yet  been  developed,  but  in 
the  northeastern  part  of  the  precinct,  in  crystalline  limestone,  there 
is  a  deposit  of  silver-bearing  galena  which  was  discovered  and  to  a 
certain  extent  developed  before  the  placer  deposits  were  known.  Dur- 
ing the  epochs  of  erosion  that  have  been  referred  to,  great  quantities 
of  rock  were  broken  down  and  carried  away,  and  their  gold  content, 
together  with  other  heavy  minerals,  was  left  as  concentrates  in  the 
valley,  and'ibench  gravels  form  the  present  placer  deposits.  Most  of 
the  placers 'are  of  the  creek  and  bench  types,  though  river-bar  and 
gravel-plaii  deposits  have  received  some  attention.  No  high  benches 
assignable  to  abandoned  drainage  systems  have  yet  lieen  discovered. 

DEVELOPMENTS.. 

Although  colors  of  gold  were  found  in  the  gravels  of  Niukluk  River 
by  members  of  the  Western  Union  Telegraph  survey  as  early  as  1865, 
the  first  discoveries  of  gold  in  paying  quantities  were  made  in  March, 
1898,  on  Melsing  and  Ophir  creeks,  tributary  to  the  Niukluk.  In 
1899  probably  $40,000  in  gold  was  taken  from  the  Ophir  Creek 
placers,  but  the  season  of  1900  practically  marked  the  beginning  of 
active  mining  in  the  district.** 

Council,  the  principal  town  and  recording  office,  is  situated  on  the 
north  bank  of  Niukluk  River  15  miles  from  Fish  River.  Both  these 
streams  are  navigable  for  small  power  boats  as  far  as  Council,  but 
the  usual  method  of  freighting  supplies  is  by  steamer  to  White  Moun- 
tain, at  the  head  of  tide  water,  and  thence  by  flatboat.     A  narrow- 

•  Brooks,  A.  H.,  Richardson,  G.  B.,  and  Collier,  A.  J..  Reconnaissances  in  the  Cape 
Nome  and  Norton  Bay  regions,  Alaska,  in  1000,  u  special  publication  of  the  U.  S.  Qeol. 
Sorrey,  1901,  p.  112. 
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gage  railroad  leads  from  Council  to  tho  jinn^tion  of  Dutch  and  Opliir 
creeks,  ihc  latter  uf  which  in  the  iiio^t  iiiiporiaiit  gold-bcn ring  stream  ■ 
in  the  pK*cinct.  f 

The  placer  mines  ot  this  region  were  (*\aminetl  and  re|>orte<l  on 
by  the  Brooks  party  in  U^OO,  but  by  lt*03  the  operations  had  l>e(in.^ 
greatly  extended  and  many  additional  facts  bearing  on  the  oecnrreiici 
of  placfir  gold  were  gathered.  Although  auriferous  gi-avels  m^ur  on 
a  majority  of  the  streams  of  the  district,  the  producing  placem  ai'©! 
ef*Ti[iiicd  to  Fox  River  and  to  Niidcluk  River  and  its  tributaries,  Mys. 
tei  y,  Melsing,  Ophir,  Goldhottom,  and  Elkhom  creeks  and  Oa^ide- 
ptigii  Kiven  The  total  |>roduction  of  gold  up  to  1003  was  Wtwccn 
$lijKH),()(K)  and  Jl>tj,0(>0,(K)O,  but  the  many  undevelopeil  placers  in  this 
field  give  promise  of  a  greater  production  in  the  future.  Many  largi? 
ditches  are  under  construction,  and  mining  machineiTr  \^  being  rap- 
idly introduced,  which  will  greiitly  increase  the  area  of  profitable 
mining.  When  completed  the  railroad  fiom  the  mouth  of  Solomon 
River  to  Coimcil  will  lower  the  cost  of  traiis]>ortatiou  and  thereby 
i  n  er eatje  t  he  i)l  a  ce  r -  mining  oi>e  rat  i  o  ns. 

DESCRIPTION  OF  PLACERS. 

FISH    RIVEK    A>I)    ITS    EA**TERN    ORjVJXAGE. 

Fine  coloi-s  of  gold  may  be  found  everywhere  on  the  bars  of  Fish 

Ri\4't\  hnth  abov^o  and  ImOcjw  the  mrytHb  ^if  tho  Niukluk.  hut  up  to 
the  present  time  no  successful  attempts  at  mining  have  been  made 
along  the  main  stream.  The  eastern  tributaries  of  Fish  River  have 
also  been  so  far  nonproductive  of  placer  gold,  though  the  first  at- 
t(Mnj)ts  nt  mining  on  the  peninsula  were  at  the  Omalik  silver  mine, 
which  is  located  on  an  eastern  tributary  near  the  head  of  the  river. 


FOX    KIVEK. 


In  the  region  south  of  Niukluk  River  there  are  a  nnml)er  of  small 
creeks  and  rivers  tributary  to  Fish  River  and  Golofnin  Sound,  which 
have  re(H'ive(l  some  attention  from  j)r()spectors,  but  have  as  yet  i)ro- 
(hiced  \ovy  little  placer  gold.  This  region  is  marked  by  a  rolling 
platenn  siirfjicc,  about  SOO  feet  above  the  sea,  in  which  the  river  val- 
leys are  incised.  It  is  traversed  i)y  a  well-beaten  trail  from  Council 
to  Solomon  l\iver. 

Fox  River  is  the  only  stream  in  the  ivgion  south  of  Council  that 
has  been  examined  in  detail  by  Geological  Survey  parties.  It  heads 
about  1^0  miles  north  of  Topkok  Head,  and  after  flowing  northeast- 
wai'd   to  the  Niukluk   lowland  turns  southeastward   and  skirts   the 
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and  gravel  bars,  making  the  water  shallow  and  navigation  for  small 
boftts  difficult.  Above  this  portion  the  valley  narrows  down  and  the 
river  channel  has  nearly  a  straight  course.  The  gradient  of  the  val- 
ley from  the  head  of  the  river  to  the  mouth  is  very  slight.  Where 
the  stream  is  confined  by  valley  walls  its  fall  does  not  exceed  20  feet 
to  the  mile,  and  below,  where  it  crosses  the  lowland,  the  grade  is  prob- 
ably less  than  10  feet  to  the  mile.  The  valley  of  Fox  River  is  broad, 
with  the  bed  trenched  from  50  to  100  feet  below  the  valley  floor,  leav- 
ing a  system  of  benches.  Tlie  river  bed  itself  is  a  broad  expanse  of 
gravel  and  sand  bars,  not  entirely  covered  by  water  except  at  times 
of  freshet. 

The  bed  rock  consists  of  a  series  of  light-gray  chloritic  micaceous 
schists,  interbedded  with  which  are  limestone  and  graphitic  schists. 
Sills  and  dikes  of  rather  massive  greenstone  are  very  generally  dis- 
tributed along  the  creek.  The  alluvium  includes  pebbles  derived 
from  bed  rock,  light  micaceous  sands,  and  in  some  places  quicksands. 
Prospecting  has  not  been  carried  on  systematically,  and  there  is  little 
evidence  of  such  work. 

Some  prospecting  has  been  done  near  the  mouth  of  I  X  L  Gulch 
in  the  margin  of  one  of  the  many  benches  common  along  the  Fox 
Eiver  valley.  In  this  bench,  which  is  50  feet  above  the  river,  a  hole 
was  sunk  17  feet  through  the  gravel  to  bed  rock,  consisting  of  broken 
limestone  and  clay.  Colors  of  gold  were  found  on  the  bed  rock.  A 
pit  about  50  feet  square  in  the  edge  of  the  bench  near  this  place 
yielded  $150  in  gold.  The  section  exposed  in  this  pit  shows  3  J  feet 
of  muck  and  soil,  and  6  feet  of  gravel  resting  upon  decomposed  schist 
bed  rock,  which  was  pierced  through  to  broken  limestone  about  11 
feet  below  it.  On  the  surface  of  the  bench,  about  a  quarter  of  a  mile 
west  of  the  river,  there  is  what  appears  to  be  a  well-marked  old  chan- 
nel about  100  feet  above  the  present  river  bed.  This  channel,  which 
can  be  traced  for  at  least  a  quarter  of  a  mile,  is  probably  worthy  of 
investigation.  Preparations  were  being  made  in  1903  for  working 
claims  here  on  a  more  economical  scale  with  water  brought  in  a 
ditch  from  another  tributary  of  Fox  River,  known  as  Blue  Rock 
Creek.  The  plan  was  to  use  this  water  for  ground  sluicing  the  muck 
from  the  surface,  after  which  the  pay  gravel  could  be  shoveled  into 
sluice  boxes.  No  successful  mining  has  been  done  in  the  creek  gravels 
of  the  main  river  bed,  though  the  whole  stream  has  been  staked  and 
is  held  largely  by  one  company. 

I  X  L  Gulch  is  a  small  tributary  which  heads  about  a  mile  south- 
west of  Fox  River.  The  bed  rock  is  mica  schist  underlain  by  lime- 
stone, probably  a  thin  lenticular  mass  interl)edded  with  the  schist. 
Above  the  b^d  rock  the  gravels  are  from  2  to  G  feet  deep.  In  the 
bed  of  the  gulch  near  its  mouth  2  ounces  of  gold  were  taken  in  1903 
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from  about  4  cubic  yards  of  pay  dirt*     A  layer  of  muck  and  soil 
about  2  fpet  thick  ainyvo  the  pay  clirt  had  bi^*n  groimtl  shiictMl  off. 

No  definite  iiifonmition  of  the.  occiirrericc  of  pLucer  guld  in  utlw?f , 
creeks  of  tlie  n^ig^hborhood  could  b«  obtained. 


NIUKLIJK    KIVER    HA8IK. 

As  has  been  noted,  nearly  all  the  productive  placers  of  the  CoimcU 
precinct  are  found  within  the  drainajtr^  basin  of  Ninkliik  River, 
Deposits  of  the  river-bai%  gravel-pluin,  creek,  and  bencli  types  nn 
repre^ntedi  but  nearly  all  the  gold  obtained  conievS  from  the  latterij 
two.     The  lower  com%He  of  this  river  is  enti'enched  in  the  broad 
gravel  plain  of  the  Kiuklult  lowland,     (See  "General  geology,"'  pf 
6(M)J>.)     Above  this  lowlaiul  portion  the  sitreani  flow^  for  aonie  dL 
tancf!  in  a  narrow  valley  along  tlie  sides  of  which  there  is  a  system  o| 
benches  or  terracas.    The  Ijed  roek  consists  i»f  the  limestones  sind«l 
scbiyt^^  of  the  Nome  and  the  Kigluaik  groups,  and  the  gravele  there-j 
fore  include  pebbles  of  many  varieties  of  rocks^— of  limei^toiie  aiidj 
i^chist  ttS5  well  as  of  greenstone,  granite,  and  vein  quartJ^. 

HnrKXI^  HIV£K  PEffFEB. 

Bwer  ?i»^r» .^Although  the  first  discoveries  of  gold  in  Seward 
Pteninsula  were  probably  made  on  the  gravel  bars  of  Niukluk  Kivt 

aud  sum  11  ;xrubstnkes  wwi^  ubtnined  with  nn-kers  from  ?*onie  of  tlie 
richer  bars,  no  systematic  attempt  to  work  them  w^as  made  until  the 
summer  of  liK)8.  when  the  bed  of  the  river  for  a  number  of  miles 
was  controlled  by  a  comi)any  which  operated  a  dredge  a  short  dis- 
tance l)el()w  Council. 

The  gold  is  well  distributed  through  the  bar  gravel,  but  it  was 
found  to  be  somewhat  I'ichcr  near  l)ed  rock.  There  are  no  data  at 
hand  foi*  estimating  the  gold  content  of  the  gravels  in  any  particular 
j)lare,  but  the  ojieratoi's  near  Council  report  that  they  carried  from 
50  cents  to  $1  to  the  cubic  yard.  The  gold  is,  as  a  rule,  bright  in 
color  aud  of  a  chai'acter  approaching  flour  gold.  A  sample  gave  96 
colors  to  the  cent.  Associated  with  the  gold  are  many  fine  par- 
ticles of  ])yrite,  magn(»tite.  and  gai'uct.  Although  some  of  the  gold 
may  have  been  derivcMl  from  the  local  bed  rock,  most  of  it  was 
[)rol)al)ly  c<)ntribnted  by  the  great  number  of  streams  which  flow  into 
Niukluk  Kiver,  the  liglit  flaky  gold  being  easily  carried  by  running! 
water. 

The  di-edge  operating  near  Council  was  reported  to  have  a  capacity 
of  al)out  o,()()()  cubic  yards  in  twenty-four  hours.  Gravel  was  ele- 
>  atcMJ  by  buck(4s  on  an  endless  chain,  and  dumped  into  a  sluice  box 
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box  it  passed  to  a  grizzly  20  feet  long,  which  was  constantly  shaken. 
The  fine  material  thus  separated  was  distributed  to  a  number  of 
sluice  boxes  having  an  area  of  10  by  24  feet.  These  sloped  off  on 
each  side  from  the  center  of  the  boat  and  emptied  into  two  20- foot 
sluices  running  parallel  with  the  boat  and  discharging  into  the  river 
at  the  stern.  The  coarse  material,  sorted  out  by  the  grizzly,  passed 
onto  an  endless  belt  and  was  stacked  about  40  feet  away.  Water 
for  the  sluice  boxes  was  raised  by  a  centrifugal  pump.  Except  for 
the  railroad-iron  riffles  used  where  the  coarse  unsorted  material  was 
dumped,  Australian  riffles  were  used  in  the  sluice  boxes,  as  it  was 
found  that  the  sand  packed  less  in  these  than  in  the  Hungarian 
riffles  with  which  the  machine  was  first  equipped.  Although  this 
machine  was  not  able  to  penetrate  the  bed  rock  to  any  great  depth, 
loose  pieces  were  often  brought  up  in  the  buckets.  A  large  amount 
of  black  sand  was  asvsociated  with  the  gold  in  the  riffles  and  sluice 
boxes  at  the  clean-up,  which  showed  about  50  per  cent  of  magnetite, 
20  per  cent  of  garnet,  10  per  cent  of  pyrite,  and  10  per  cent  of 
limonite  from  which  the  gold  had  to  be  separated.  No  scheelite  or 
stream  tin  is  reported.  Only  one  dredge  has  been  used  on  Niukluk 
River,  and  though  this  machine  has  demonstrated  the  possibility  of 
working  low-grade  bar  gravels,  it  is  probable  that  only  by  the  most 
careful  management  can  profits  be  obtained  from  gravels  of  as  low 
grade  as  50  cents  a  yard. 

During  the  sunmier  of  1904  this  machine  was  moved  from  the  bars 
near  Council  up  Niukluk  River  to  the  mouth  of  Ophir  Creek,  where 
somewhat  richer  bar  gravels  have  been  reported,  but  the  result  of  the 
operations  there  is  not  known. 

Gravel  plains. — An  attempt  w^as  made  in  1903  to  work  a  placer  in 
the  gravel  plain  south  of  Niukluk  River  near  the  point  where  the 
dredge  was  located.  The  surface  of  the  plain  is  about  15  feet  above 
high  water  in  the  river  and  the  excavations  show  several  feet  of  sandy 
gravel  overlain  by  several  feet  of  sandy  silt,  muck,  and  vegetation. 
A  steam  shovel  was  used  to  dig  the  gravel  and  dump  it  into  a  large 
sluice  box  that  was  supplied  with  water  by  a  ditch  from  Bear  Creek. 
The  shovel  had  a  capacity  of  about  3  tons  of  gravel  and  sand  a 
minute,  but  the  gravel  w^as  dumped  in  large  masses  into  the  sluice 
and  was  probably  not  thoroughly  washed  before  it  passed  out  of  the 
boxes.  The  work  could  be  more  economically  done  by  first  ground 
sluicing  the  deposits  nearly  to  the  level  of  the  river.  A  more 
thorough  washing  of  the  gravel  could  be  easily  obtained  by  the  use 
of  a  hopper,  from  which  the  gravel  could  l)e  fed  into  the  sluice  more 
gradually.  Although  the  enterprise  was  not  successful  and  work 
was  suspended  before  the  end  of  the  season,  it  is  evident  that  the 
gravels  here  contain  a  considerable  amount  of  fine  gold. 


Mystery  Creek^  5  or  6  miles  in  lengthy  empties  into  Xiukkik  River 
from  th^  north  iil>oiit  5  inile^^  below  CounciL  It  carrier*  from  50  to 
200  miner'n  inch€«^  of  water  iind  flows  in  a  southerly  direction  through 
a  wooded  valk^y  cut  in  calcarcouB  mica  schist  with  local  tliin  l>eil3  of 
grnphitie  siliceou!^  schist.  Both  of  these  rocks  t^tontain  small  stringers 
of  qimrtz.  The  prevailing  dip  is  to  the  southeast  and  in  places  is  as 
high  a=i  84**.  The  gravels  of  Mystery  Creek  are  lunde  up  of  eiil- 
eareoiis  mica  schist  with  ?^ome  vein  quartz.  The  plaeern  are  alt  of  thu 
creek  type,  and  are  of  no  great  extent. 

One  mile  above  the  mouth  of  the  creek  the  gravel  is  about  7  feet 
thick*  but  mowt  of  the  pay  is  in  the  lower  3  feet.  Nuggets  of  values 
up  to  $r»  and  $8  have  h)een  obtained,  but  the  greater  part  of  the  gold 
is  much  finer.  Part  of  it  is  I) right  and  part  is  rusty,  but  all  is  rough 
and  angular.  About  2  miles  above  the  mouth  of  the  creek  the  gold 
is  nearly  all  coarse  and  bright. 

Most  of  the  mining  on  Mystery  Creek  m  done  by  shoveling  intci 
sluicea,  though  hoi*ses  and  scrai>ers  have  been  used  on  one  claim* 
The  gold  was  evidently  derived  from  the  calcareous  mica  schist  bed 
rock  and  it.^  uniformly  angular  character  shows  that  it  has  not  been 
transported  far  from  its  source.  In  the  schist  it  probably  occurs 
mainly  in  the  small  quartz  or  calcite  veins  and  blebs,  No  veins  con- 
taining gold  are  known  tu  havu  Ihm^ii  disfovcrcd, 

MUD  CREEK. 

On  Mud  Croek,  a  small  rivulet  flowing  into  Mystery  Creek  from 
the  west  side,  al)()iit  2  miles  from  the  mouth,  one  claim  was  worked 
in  11)(K3.  Here  about  24  feet  of  nuick  overlies  3  or  4  feet  of  angular 
schist  gravel.  The  bed  rock  is  decomposed  calcareous  mica  schist. 
Gold  is  found  l)oth  in  the  gravel  and  to  a  depth  of  3  or  4  feet  in 
crevic(\>  of  the  IkmI  rock.  Tt  is  very  rough,  spongy,  and  somewhat 
rusty,  and  is  coarse  and  easily  saved. 

MELSING  CREEK. 

Melsing  Creek  (lows  into  Niukluk  Kiver  at  Council.  It  is  about 
7  miles  long  and  flows  in  a  southwesterly  course.  It  occupies  a  broad 
asymmetrical  valley  whose  western  side  slopes  gently  from  the  crefk 
up  to  tlie  flat-to])ped  hills,  the  eastern  side  rising  more  abruptly.  Tlu^ 
creek  carries  possibly  from  100  to  300  miner's  inches  of  water.  TIh' 
gradient  for  the  first  4  miles  from  the  creek's  mouth  is  probably  n^^^ 
over  r)()  feet  to  the  mile:    farther  up  it  increases  to  more  than  1<^" 


COUNCIL  PRECINCT.  241 

Gold  was  discovered  on  Melsing  Creek  in  1898  by  Libby,  Melsing, 
Mordaunt,  and  Blake,  the  four  pioneer  prospectors  of  the  region, 
and  since  that  time  some  mining  has  been  done  every  season.  In 
the  summer  of  1900  40  men  were  employed  on  the  creek  near  the  end 
of  the  season."  Although  no  bonanzas  have  so  far  been  developed 
on  this  creek,  it  has  probably  yielded  grubstakes  and  wages  to  many 
prospectors  and  miners.  It  is  impossible  to  estimate  closely  the 
amount  of  geld  produced,  but  it  has  probably  not  exceeded  $50,000 
all  told. 

The  valley  of  the  creek,  from  the  water's  edge  to  the  tops  of  the 
liills  on  both  sides,  is  well  wooded  with  spruce.  Some  of  these  trees 
grow  to  14  or  16  inches  in  diameter  and  30  to  40  feet  in  height,  and 
although  not  large  enough  to  make  first-class  lumber,  they  were  whip- 
sawed  to  make  the  first  sluice  boxes  of  the  region,  and  are  used  as 
saw  logs  in  a  mill  at  Council. 

The  country  rock  on  Melsing  Creek  is  largely  a  gray  calcareous 
mica  schist,  showing  in  places  veiy  little  calcite  and  in  other  places 
passing  into  limestone.  In  a  low  terrace  on  the  north  side  of  the 
creek,'  half  a  mile  above  the  mouth,  there  are  gravels  which  have 
yielded  some  gold.    The  workings  show  the  following  section : 

fiection'on  Melsing  Vrvek  one-half  mile  above  the  imtuth. 

Ft.  hi. 

Sandy   muck 4 

Gravel '<^-A 

Clay  seam  (bed  rock) 4 

(Jravel. 

The  gold  is  found  in  the  gravel  within  a  few  inches  above  the  clay 
seam,  below  which  it  is  reported  there  are  no  values.  The  smaller 
pieces  of  gold  are  nearly  all  smooth  and  bright,  but  the  larger  pieces 
are  round  and  iron  stained.  In  a  placer  1  mile  above  the  mouth  the 
gravel  ranges  in  thickness  from  18  inches  to  5  feet,  and  the  sandy 
muck  above  it  also  varies  in  thickness.  Here  also  the  gold  lies  on  a 
clay  seam,  and  it  resembles  that  just  descril)ed,  except  that  it  is  less 
iron  stained.  About  IJ  miles  from  the  mouth  of  the  creek  the  work- 
ings show  the  following  section  : 

Het-tiou  on  Melshif/  Creek  t\  miles  ahttre  the  mouth. 

Feot. 

Moss  and  muck 1 

Gravel ---.  -    -     <5-8 

Calcareous  mica  schist 

"Brooks.  A.  H.,  Richardson.  O.  II..  and  Collier.  A.  J..  Reconnaissances  In  the  Cape 
Nome  and  Norton  Bay  regions,  Alaska,  in  1000.  a  special  publication  of  the  U  S.  Geol. 
Sarrey.  1901,  pp.  112-114. 
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11  H>  pjiy  is  <^()n tinted  to  the  lower  piirt  i>f  tlie  ^rnvel 
alKJUi  li  fft^t  into  tlie  rrevk-es  uf  llie  IxhI  rodv. 

At  the  mouth  of  Ilnsin  Creek,  which  joins  Melsiii^  Crivk  IJ  niilc« 
from  ilir  irioutli,  ihr  iil*i(*«*r  is  i't^nfint'il  to  the  e'lvek  HrI  aiul  0<kh1 
phiiiu  tmd  tlu*  workings  show  gravel  ^1  to  4  fwt  tliid<  rt^sting  upon 
*alrar4?ous;  mien  j^*hiKt  Ixjd  rfK-k,  Gold  is  distributed  through  the 
gnivcl,  Vnrt  is  iritjrt*  abniKlaut  lumt  Im.h1  roi*k  and  has  pt^netrated  the 
crevices  to  a  depth  of  V2  to  lb  indies.  The  uvenigt!  jield  hi  guhl  to 
the  man  was  imported  in  lfl03  to  be  jd>out  $50  a  day.  If  we  i^stimata 
4  cuhic*  yards  t>er  day  to  the  man,  the  ]my  gravel  on  this  claim  nmsfc 
carry  not  far  fi'om  $hJ  to  lh**  ruinv  yurd.  The  gold  is  mostly  roarse, 
nuggets  as  larg^  as  a  dollar  being  common*  Tlie  hirgest  nugget  fonni 
was  worth  Hbout  $10.  The  nuggctts  aix*  as  a  rule  well  rounded  and 
iron  Htained,  One  of  the  nuggets  examined  show^ed  a  small  squam 
IioIg  filled  with  hydrnus  iron  oxide,  probably  left  by  the  weathering 
out  of  an  iron-pyritt^  cryMab  and  this  indicates  the  probable  <K-eiir 
re  nee  of  tin*  gold  with  pyrite,  wdiieh  is  widtdy  disseminated  thi*ough 
the  Hchists  and  limestones  of  the  valley.  i 

Above  the  mouth  of  Busiti  Cn*ek  no  gfdd  in  paying  quantities  has 
yet  been  found  on  either  Melsitig  oj"  Hasin  creeks  and  no  niiiunm  ha5i 
l>et*n  ilone.  The  watftrwom  condition  of  the  gold  at  the  month  of 
liasin  t'reek  indicates  that  it  may  have  been  carried  for  some  distance. 
and  suggt*sts  the  possibility  of  there  beiiig  other  placer!^  farther  up  the 
creek*  although  tlie  ^rearing  niny  be  due  entirely  to  re-;^rttng  or 
reconcentration  of  the  gravels  or  exposure  to  the  pounding  of  rolling 
|)eM)les.     No  anrifei'oiis  (inartz  veins  or  strnigers  ai'e  reporteil  in  this 
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OPHIR  CREEK. 


()j)hir  Creek  is  a  norlhern  tribulai'v  of  Xiukluk  Kivei'.  about  '2 
miles  in  a  dinvl  line  above  Council.  For  about  a  mile  al)()ve  its 
mouth  ()j)liir  Cn^ek  flows  parallel  to  and  within  100  yards  of  the 
Niukluk.  A  channel  has  recently  been  cut  through  this  neck,  calbnl 
'•  the  portage."  turning  the  creek  watcM-  directly  into  tin*  river.  This 
j)oint  is  pi'obably  not  more  than  100  feet  above  sea  level.  Al)()ve  this 
point  the  g(Mieral  course  of  ()j)liir  Ci-eek  is  north  and  south,  and  for 
a  distance  <d'  about  s  miles  it  flows  in  a  broad  valley  with  gentlv 
slo|)ing  sides.  Abo\('  this  stretch  the  \  alley  contracts  to  a  narrow 
canyon.  '>  miles  long,  extending  to  a  point  1*2  miles  above  the  j)()rtaire. 
(See  1*].  W  ,1.)  The  ^lo[)es  of  the  \  alley  are  for  the  most  part 
mantled  with  talus  and  gravel  (le[)osits  to  an  ekwation  of  about  (>00 
feet  above  the  sea.  AVithin  i\\o  bi'oad  i)art  of  the  \allev  the  creek 
winds  back  and  forth  with  long,  s\veej)ing  meanders,  which,  especiallv 
in  the  lower  reaches,  are  incised  below   tlu*  general  vallev  level,  leav- 
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of  the  meanders  to  the  valley  walls.  (See  fig.  14,  p.  247.)  The  gold 
i:)lacers  of  Ophir  Creek  are  of  the  creek  and  bench  types. 

Although  gold  was  discovered  on  Ophir  Creek  during  the  summer 
of  1898,  yet  in  1900,  when  the  region  was  first  visited  by  a  party 
from  the  United  States  Geological  Survey,  placer  mining  was  still 
in  its  initial  stages.**  Since  1900  developments  have  been  rapid  and 
the  deposits  of  gold-bearing  gravel  have  been  found  to  be  of  large  ex- 
tent, making  the  stream  second  in  importance  in  Seward  Peninsula 
only  to  Anvil  Creek,  and  giving  it  a  rank  among  the  first  gold  pro- 
ducers. In  1900  only  a  few  claims  were  worked,  but  in  1003  the 
entire  creek  from  the  moutli  to  the  head  of  the  canyon  had  been  pros- 
l)ected.  Though  the  immediate  creek  l)ed  has  been  mined  out,  ond  in 
some  places  yielded  only  moderate  returns,  large  deposits  of  aurif- 
erous gravel  have  been  found  in  benches,  and  the  indications  are 
that  they  will  yield  a  considerable  output  of  gold. 

In  1903  more  than  1,000  men  were  employed  on  Ophir  Creek  and 
its  tributaries.  The  mines  are  accessible  from  Council  by  two  wagon 
roads — one  up  Niukluk  River  to  the  mouth  of  the  creek,  and  one  over 
the  hills  to  the  claims  above  Dutch  Creek.  A  narrow-gage  railroad, 
7  miles  in  length,  runs  from  Council  to  claim  No.  15  Ophir,  at  the 
mouth  of  Dutch  Creek. 

The  bed  rock  on  Ophir  Creek,  from  the  mouth  to  the  head  of  the 
canyon,  belongs  to  the  Nome  group,  and  consists  of  limestone  which 
in  places  has  graphitic  phases  and  shades  off  gradually  into  graphitic 
mica  schist.  Though  the  strikes  and  dips  of  the  rocks  are  variable, 
the  prevailing  strikes  are  approximately  parallel  to  the  general  course 
of  the  creek  valley  and  the  dips  in  almost  all  places  where  they  have 
been  observed  are  to  the  east  at  angles  ranging  from  10°  to  00°,  the 
average  being  not  far  from  45°.  The  hills  along  the  river  rise  to  000 
or  800  feet  and  mark  a  surface  of  erosion  above  which  rise  dome- 
shaped  buttes.  Most  of  these  buttes  consist  of  limestone  in  which 
it  is  at  many  places  difficult  to  determine  the  structure,  since  the 
rock  is  so  jointed  and  fissured  as  to  obscure  the  bedding.  The  lime- 
stone of  the  buttes  is  apparently  similar  to  that  interbedded  with  the 
schists  along  Ophir  Creek  itself.  This  rock  may  be  thick  lenticu- 
lar masses  in  the  more  thinly  bedded  schists,  or  perhaps  closely  folded 
j)ortions  of  comparatively  thin  limestone  beds.  There  was  no  oppor- 
tunity to  settle  this  question. 

In  the  schists  and  limestones  exposed  in  the  valley  many  quartz 
veins,  in  general  occurring  as  stringers  parallel  with  the  bedding  or 
schistosity,  have  been  observed,  and  similar  quartz  veins  have  been 
found  in  the  limestone  buttes  just  described.     Assays  of  the  stringers 

•  Brooks,  A.  H.,  Richardson,  O.  B.,  and  Collier.  A.  J..  Roconnaissances  In  the  Capo 
Nome  and  Norton  Bay  regions,  Alaska,  in  1900,  a  special  publication  of  the  U.  S.  Geol. 
Survey,  1901,  pp.  111-113. 
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hhow  thrtt  a8  ti  nil**  thoy  rarry  ^mall  amount?^  of  gold  and  silver. 
HtringL^r  sevenil  indit^H  thick  uxponed  in  tho  Ix^d  rcK'k  of  n  clain*  ut  the 
mouth  of  Crooked  Crt'^k  consints  of  quartz  hoavily  mineruliTied  with 
pyrite.    An  asnaycd  sample  of  this  ort^  yielded  COtl  ounce  of  gold  ami 
n  truee  of  silver  t^  the  ton,"    Samples  were  taken  near  the  mouth  of 
Ophir  Creek  from  R^venil  ^mall  stringi^rs  of  qitartz  that  showed  no 
niineralization   and    from   the   HtAuhi   eontiguou?^   to   them.     When 
a^fesayet)  the  quartz  showed  no  traee  either  of  gohi  or  silver,  Inil  {\n 
sehint  was  found  to  contain  a  trace  of  goltl  and  no  >!lver/'    Samjilei 
from  thiH  loeality  erushed  in  a  hand  nmrtar  an(]  panned  were  founil  ti 
carry  free  gold.    The  prospt>etors  who  have  j^earehed  for  quartz  veiw 
in  tlie  Ophir  Creek  basin  inive  not  infrequently  found  quarts  carryiagj 
free  gold.    Although  no  deposits  of  aiiriferons  quarts  large  enough 
for  mining  have  yet  \x\^n  found,  these  hiniall  veins  and  i?tringers  a 
htdlieient  iu  aQTOunt  for  the  origin  of  the  placer  gold. 

In  the  schists  and  limestones  of  the  lower  part  of  the  Ophir  Cr^^k 
basin  no  rocks  of  j>roved  intrusive  origin  have  been  found  In  [>lnfe 
The  nearest  occunTnce  is  a  gnn^nstoue  outerop  on  the  divide  Ijetween 
Warm  and  Swe^teake  creeks. 

For  2  miles  abov*^  the  eanyon  of  Ophir  Creek  no  bed  nx:k  is  ex^ 
posed,  the  j>revailing  formation  consisting  of  Pleistocene  gravel: 
The  l>ed  rot*k  at  the  head  of  the  creek  consists  of  the  schists,  lime- 
stones, and  gneisses  of  the  Ivigluaik  group,  with  characteristic  sills 
and  dikes  of  granite.  The  Pleistocene  gravels  of  the  upper  basin 
consist  largely  of  materials  derived  from  the  Kigluaik  group,  and 
sonu*  [)cl)l)lcs  and  l)()wl(lers  of  this  kind  liave  been  carried  down  ()[)hii' 
Crock  and  ai*c  mixed  witli  its  gi'avcls  all  the  way  to  th(»  mouth.  In 
(lie  lower  portion  of  tlu*  creek  such  transpoi'ted  pebbles  occur  in  the 
IxMich  as  well  as  in  the  creek  gi-avels  and  have  been  found  at  an  eleva- 
tion of  at  least  1(H)  feet  al)ove  the  creek  bed. 

The  gravels  proved  to  cariw  gold  values  occur  from  the  mouth  of 
( )l)hir  Ci-eek  to  the  head  of  the  canyon,  a  distance  of  about  li^  miles 
in  an  air  line,  or  following  the  bends  of  the  creek  probably  not  less 
than  20  miles.  It  is  pi'obably  true  that  throughout  this  length  th(UT 
is  no  j)art  of  the  cri^k-betl  grjixel  which  was  entirely  barren  of  j)lacor 
gold.  Above  the  canyon  the  bed  rock  lies  at  a  greater  depth  and  no 
gold  <lej)osits  that  have  warranted  development  liave  yet  been  found, 
althoiigli  considerable  |)rospecting  has  Ikhmi  done.  Of  tlie  tril)utarie^. 
Sweetcake,  Dutcli,  Crooked,  and  Oxide  ci'eeks  have  been  j)roduc(M> 
of  gold.  As  in  many  places  along  ()j)liir  Creek  the  stream-bed  and 
bench  deposits  nierg(\  tliey  will  be  described  together,  beginning  at 
the  mouth. 
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Near  the  mouth  the  bed  rock  lies  at  considerable  depth,  and  until 
the  waters  were  diverted  it  was  not  practicable  to  mine  the  gravels 
in  the  creek  bed.  Colors  of  gold  are  plentiful  in  these  gravels,  and  it 
has  been  estimated  that  in  some  places  they  carry  as  much  as  $3  or  $4 
in  gold  to  the  cubic  yard.  The  gold  is  finer  than  that  found  farther 
upstream.  In  the  summer  of  11)03  no  mining  was  in  progress,  but 
small  grubstakes  had  previously  been  taken  out  wdth  rockers.  It  is 
l)elieved  that  the  whole  area  between  the  old  bed  of  Ophir  Creek  and 
the  south  bank  of  Niukluk  River  will  be  found  rich  enough  to  pay 
for  dredging 

The  Ophir  Creek  valley  for  one-fourth  mile  above  the  portage  is 
from  300  to  350  feet  wide.  On  the  w^est  side,  30  to  50  feet  above  the 
creek  bed,  there  is  a  bench,  which  rises  gently  toward  the  west  and 
continues  up  the  creek  to  the  mouth  of  Sweetcake  Creek,  a  distance  of 
alx)ut  hall  a  mile.  About  one-fourth  mile  from  the  portage  the  creek 
has  been  confined  to  a  ditch  along  the  west  valley  wall,  and  hero  exca- 
vations in  the  old  creek  bed  showed  4  feet  of  sand  and  nnick  under- 
lain by  6  feet  of  auriferous  gravel  lying  upon  bed  rock.  In  an  upper 
pit  this  bed  rock  consists  of  blue  clay,  probably  derived  from  decom- 
posed graphitic  limestone  or  calcareous  schist,  in  a  lower  pit  limestone 
was  exposed.  Although  the  horizontal  extension  of  the  pay  gravel 
had  not  been  determined,  it  is  believed  that  it  covers  practically  the 
whole  of  the  valley  floor  and  has  a  width  of  300  to  400  feet.  The  bed 
rock  where  exposed  has  a  very  irregular  surface,  with  some  deep  holes 
that  have  to  be  bailed  out  before  the  gold  can  be  obtained.  WTiere 
the  bed  rock  is  made  up  of  schist  it  is  soft  and  can  readily  be  shoveled 
into  the  sluice  boxes.  The  limestone  is  fissured,  and  the  placer  gold 
has  penetrated  along  the  crevices,  but  it  has  not  been  found  profitable 
to  mine  it  to  a  depth  of  more  than  1  or  2  feet.  Though  the  basis  for 
estimate  is  indefinite,  it  is  probable  that  the  gold  tenor  in  these  gi-av- 
els  wnll  average  about  $5  to  the  cubic  yard. 

The  mine  excavations  at  this  place  are  about  10  feet  below  the 
creek  bed,  and  the  seepage  water  collects  in  a  sump,  from  which  it 
is  pumped  by  means  of  a  gasoline  engine.  Three  lines  of  12-inch 
sluice  boxes  were  used  in  each  pit.  Usually  two  men  shoveled  the 
pay  dirt  from  the  bottom  of  the  pit  to  a  table  about  5  feet  above 
the  pit  floor,  and  a  third  man,  standing  on  this  table,  shoveled  the  dirt 
into  the  sluice  boxes. 

About  a  quarter  of  a  mile  above  this  place,  near  the  mouth  of 
Sweetcake  Creek,  the  gravel  appears  to  be  less  extensive,  for  lime- 
stone crops  out  on  the  left  bank.  No  mining  was  in  progress  here 
in  1903. 

The  gravels  on  the  bench  300  feet  west  of  Ophir  Creek  and  south 
of  the  mouth  of  Sweetcake  Creek  have  been  mined  with  water  brought 
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in  a  tlitcli  from  tho  latttT  f^tream.     Here  tlic  followmg  i^ction  Wai 
jiieu^urud: 


Sect w ft  tif  hi^ttrh  !/rovfl>t  an  Ofttiir  Crfrk  ttfar  mouftt  of  ^Wfn*tf*nkr  Vrrt*k 

Mit^w  an*  I  iMiiek 
Drown  ^^udy  miiL^. 
Oravel  .-^^*^ 

Tlie  gravel  is  nmcle  up  itf  schist  fragments  mixml  with  roimded 
[h4jIjU*k  of  ^runit<s  vihu  tjuarU,  qriHi'lzjlc,  ttriil  greenstone  similar  to 
the  wash  of  Ophir  Creek 

At  a  point  iihout  a  jnile  aboVB  the  iiionth  of  8wectcake  Ci*^ek  th( 
valley  of  <>[)liir  Cret^k  wiiJons  and  tiie  nlreanj  Mows  in  a  ^uccessioii 
of  deeply  iiicis?ed  meanders.  (See  fig.  U.)  The  phieei'H  of  the  ci-eek 
lied,  wliieh  jip|K:jar  to  hnvt*  In^en  mined  out,  uw  shallow  and  not  niore 
lliun  100  to  !LiOO  f(n*t  m  width.  Several  large  forces  of  mt*n  were  at 
work  ndniiig  ginivck  that  occnr  in  a  spur  bench  covering  an  area 
(jf  about  *\{]  H</i"es,  almost  snrron ruled  by  the  ineiinders  of  Opbir 
Creek,  This  l>ench  slopes  gently  down  from  the  west  side  of  the 
valley  to  the  ajx^x  of  the  meanders^  when*  it  staiuis  alxiut  20  feet  above 
the  ei^ec*k-    The  section  is  a^  follows: 

Kt.  in. 

Black   loam :\ 

Urown  soil  willi  some  s.-ind  and  a  few  pehbirs  ,  L' 

Sand   and   ,ma\<'l  in 

r.i'okcn  and   lissurcd   linirsldnc  ImmI  nu-k. 

The  ornvol  is  ofonornlly  not  woU  ^orv^l.  l)ul  contains  ano-nlar  pieces 
mixed  with  wcll-ionndcd  niatiM'ial  ranoinor  from  tine  sand  to  bowl- 
ders onedialf  foot  in  diameter.  The  pel>bh's,  many  of  wliich  are 
much  weathered,  consist  of  schist,  vein  (|ii;irt/.  limestone,  and  some 
pieces  of  coaise-^rained  oreen^tone.  The  oravel  layer  is  reported  to 
yield  fi'om  10  to  IT)  cent>  to  the  pan,  which  would  be*  apj)roxin]ately 
tlie  e(jiiivalent  ol"  $1.^  to  $•_?()  a  cubic  yard.  At  the  time  the  claim  was 
N'isited  nine  men  wvw  shoNcdinii"  into  a  U)-inch  sluice  box  and  the 
tailings  were  beini:-  icmoNcd  In*  a  team  of  horses  and  a  scraper. 

The  Li'old  i->  bi-ii»ht  in  color.  (  )ne  nu<i:^"et  worth  $^5. 75  had  been 
found,  but  nearly  all  the  i^old  is  line  and  flaky.  The  limestone  bed 
i-ock  is  broken  and  (insured  and  alonii'  the  lissures  has  weathered  out 
to  such  an  extent  that  its  up])ei"  part  consists  of  lar^jfe,  more  or  less 
ani^ular    re-idual    bowldei's.      The    i)ay    dirt    ])enetrates   between    the 
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At  another  locality  on  this  bench  a  pit  showed  1  foot  of  moss  and 
soil  resting  upon  about  8  feet  of  gravel  and  sand.  Here  the  pay 
gravel  was  being  shoveled  into  sluice  boxes  and  the  tailings  dumped 
over  the  edge  of  the  bench  into  the  stream  bed.  Near  by  about  H 
acres  of  the  bench  had  been  ground  sluiced,  leaving  in  the  pit  about 
2  feet  of  concentrated  gravel.  A  section  here  showed  1^  feet  of 
brown  sandy  clay  and  moss  resting  upon  about  0  feet  of  gravel. 
In  some  of  the  bench  workings  a  considerable  number  of  granite 
and  other  pebbles  of  distant  origin  were  mixed  with  the  gravels; 
in  others  only  pebbles  of  local  origin  were  seen.  This  is  a  fair  sample 
of  a  number  of  the  bench  deposits  that  are  being  mined  along  Ophir 
Creek.  For  1^  miles  above  these  bench  Avorkings  the  only  mining 
carried  on  at  the  time  of  visit  was  on  a  small  scale,  and  was  confined 
to  the  creek  bed  proper.  The  bench  gravels  had  not  been  opened  up 
and  it  is  not  known  whether  they  are  auriferous. 

About  4  miles  from  its  mouth  Ophir  Creek  winds  back  and  forth 


Fio.  14. — Diagram  of  part  of  OphIr  Creek  vaUey,  showing  position  of  bench-placor  deposits. 

across  its  valley  to  such  an  extent  that  a  ditch  crosses  the  stream  four 
times  within  a  mile.  Between  these  meanders  are  bench  deposits  of 
gravel  similar  to  that  described  above.  An  account  of  one  of  these 
w^ill  suffice.  A  meander  of  the  creek  channel  includes  a  bench  of 
about  20  acres  lying  15  or  20  feet  above  the  water  on  the  left  bank. 
Bed  rock  lies  at  the  surface  near  the  valley  slope,  but  at  the  other  end 
of  the  meander  the  bed-rock  surface  is  only  slightly  above  the  creek 
bed.  The  nature  of  the  deposit  and  its  relation  to  the  meanders  are 
shown  diagrammatically  in  fig.  14.  A  section  was  measured  as 
follows : 


Section  of  bench  gravels  on  Ophir  Crcvl-  //  milrn  ahftre  its  mouth. 

Feet. 

Tundra,  muck,  and  soil 5 

Pay  gnivel 5 

Bed  rock,  partly  Umestone  nnd  partly  s<*hist. 


248 


(lOLD   PLACERS   r>r   SKWABn   I^NmfltTLA. 


The  gold  has  pen(»inilt^d  the  crerice**  in  the  bed  rock  tu  nn  imkiiowii 
de[)th.  Iho  liniit  to  whirh  it  U  nnnotl  \mu^  ih*ti*nnHied  by  the  i-ost  of 
exlra(*tiuiu  Tht^  |>ii  was  drniru-d  by  u  guMiliiu^  puiii])  ttuil  nusi'd  the 
water  from  the  siniifj  nl  «>ne  niiie  ot  the  workiiigi^*  Two  strings  of 
sliii<t*  JKJXt's  were  u^ed,  nnd  the  ufrHvt*!  wiis  shovtded  first  to  tnbh*s  Hfid 
tlien  reshoveletl  into  llje  boxes 

About  one  half  mile  above  thin  point,  or  4  j  iniU's  iil*ove  the  portage, 
is  II  \k*i\vU  of  soiJiewhat  different  eoiitonr,  not  InMiig  outlined  by  iht* 
nieajuleiN  of  the  Htream,  whit4i  hen^  Hows  nearly  ^iraight,  Thi*^ 
l>t*nr'li  in  on  the  east  wide  and  probably  itbont  ftO  feet  above  X\w  erei^k 
\)ed.  An  in^ii  about  250  fiH4  squHre  had  Iwen  ground  shiiced  in  IWX 
Tlje  .HecHon  exposi>d  shows  n  thiu  hiyer  of  vegetable  niatt<*r  resting 
upon  aboul  (v  fi*et  of  niU  or  light -brown  soil  alxivi*  the  pny  gravel,  th« 
full  thieknes!?  of  which  was  not  d Ih^^^IojichL  nor  was  the  Ix'd  rode  ex- 
posed. This  pny  streak  eonsists  of  sand  and  gravel,  containing  an 
ubuudance  of  rounded  granite  pt*bbles  fniin  I  to  l\  inchest  hi  diameter 
and  many  rouudtul  pieees  of  yehist,  all  nnn-h  deeoin|>osed*  The  unu- 
iug  u  let  hod  employed  was  as  follows:  A  sti\*iig  t  area  in  ctf  water  tlowed 
through  a  sluiee  liox,  about  *2  feet  wide,  which  was  set  in  the  groiiuit 
on  a  level  with  the  surface  of  the  pay  streak.  The  pay  dirt  was 
carried  lo  the  shut***  boxes  by  a  numl)er  of  s<Ta|wrs,  which  coiuplele^l 
their  circuit  by  parsing  the  lower  end  of  the  sbiic*^  Ikii  and  scrajnng 
away  the  tailings.  : 

The  hill  rises  rather  steeply  above  this  bench  and  at  an  elevation  of 
jd)out  120  feet  al)ove  the  creek  there  is  another  deposit  of  gravel  of 
(he  pocket-htMich  type.  Of  this  dej^osit  an  area  ^^00  fret  square  had 
heen  ground  sluiced  oil'  to  an  average  dej)th  of  (>  feet.  At  one  place 
7  feet  of  muck  and  soil  were  ohsei'ved  overlying  4  feet  of  gravel  that 
rested  upon  '2  feet  of  (U^coniposed  gray  calcareous  mica  schist  contain 
ing  some  gold.  The  gold  is  tine,  but  round,  and  may  be  described  a> 
••  shot  gold."     It  is  easily  caught  in  the  sluice  boxes. 

About  0  miles  above  the  portage  the  creek  bed  is  entrenched  lo  a 
(le[)th  of  only  a  few  feet,  the  creek-bed  gravels  merging  with  those 
of  the  terraces.  For  a  mile  or  more  abo\'e  there  was  uuicli  mining  in 
progress,  in  which  probably  more  than  M)0  men  were  employed.  At 
the  lowei"  end  of  this  stri[)  a  pit  'M)i)  feet  loiig.  100  feet  wide,  and  17 
feet  dee[)  was  examined.  Hei'e  '2  to  (»  feet  of  sandy  uuick  and  soil 
rested  upon  \2  to  1<»  feet  of  well-stratified  and  some  cross-bedded 
liravel.  Tlu^  gravel  contained  many  well-roinided  pebbles  and  bowl- 
ders of  granite  u[)  to  s  inches  in  diameter.  The  bed  rock  was  lime- 
stone with  some  thin  iieds  of  schist.  The  limestone  was  weathered 
and  ti»ure(l  and  the  gold-hearing  >t'(liments  penetrated  it  to  an  nude- 
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A  quarter  of  a  mile  above  this  point  a  section  was  measured  show- 
ing 2  feet  of  muck  and  soil  underlain  by  12  feet  of  gravel  containing 
well-rounded  pebbles  of  schist,  limestone,  and  granite,  mixed  with 
yellow  or  brown  sand.  The  limestone  bed  rock  is  mined  to  a  depth 
of  4  to  6  feet,  and  some  holes  have  been  dug  to  an  even  greater  depth. 
The  deepest  reached  open  crevices  filled  with  water,  in  which  there 
was  a  slow  current.  It  is  reported  that  the  sinking  of  the  water  into 
undergi'ound  channels  on  Ophir  Creek  has  decreased  since  its  bed 
has  been  filled  with  silt  from  the  mining  operations,  and  that  the 
stream  now  carries  more  water  than  it  formerly  did. 

About  6^  miles  above  the  portage,  excavations  show  from  5  to  14 
feet  of  gold-bearing  gravel  resting  upon  a  broken  limestone  bed  r(K*k. 
Three-fourths  of  a  mile  to  the  north  6  feet  of  sand  and  muck  rest 
upon  about  12  feet  of  gravel,  of  which  the  upper  2  or  3  feet  carry  very 
little  gold.  A  section  1 J  miles  further  upstream  shows  about  1  foot  of 
muck  and  soil  over  6  feet  of  gravel  that  lies  on  a  graphitic  calcareous 
schist.  This  schistose  bed  rock  on  decomposition  yields  a  clay  called 
by  the  miners  "  hard  pan,"  into  which  gold  does  not  penetrate.. 

These  deposits  extend  along  the  creek  for  nearly  2  miles  and 
include  a  pay  streak  ranging  from  4  to  20  feet  in  thickness  and 
probably  from  200  to  1,200  feet  in  width.  It  seems  probable  that 
this  pay  streak  underlies  an  area  of  at  least  ICO  acres.  It  has  been 
impossible  to  obtain  the  facts  necessary  to  determine  even  approxi- 
mately the  average  gold  content  of  this  gravel,  but  in  some  places  it 
is  known  to  have  been  very  rich.  It  seems  conservative  to  estimate 
the  average  at  between  $3  and  $5  to  the  cubic  yard. 

In  this  part  of  Ophir  Creek  nearly  all  the  mining  is  done  by 
mechanical  devices  of  various  kinds,  including  several  track  and 
incline  systems  (PI.  V,  5),  derrick  systems,  and  hydraulic  elevatoi-s. 
Such  devices  have  been  described  in  detail  by  Purington.« 

Above  this  large  area  of  rich  gravel  Ophir  Creek  flows  over  a  com- 
paratively broad  bed  bordered  by  flood  plains,  making  the  total  width 
of  the  valley  floor  over  300  feet.  In  a  few  places  along  the  margins 
of  the  flood  plains  there  are  benches,  some  of  which  are  rock  cut  and 
others  covered  with  gravel.  In  absolute  elevation  they  correspond 
with  the  high  pocket  benches  along  the  lower  part  of  the  valley,  but 
are  only  30  feet  above  the  creek  bed.  On  the  east  side  one  of  these 
benches  has  been  opened  up,  exposing  l)ed  rock  about  10  feet  above 
the  creek.  This  bed  rock  forms  the  rim  of  a  channel  parallel  with 
Ophir  Creek.  It  is  reported  that  the  rich  gold-bearing  gravel  lay  on 
top  of  the  rim  and  not  in  the  old  channel.  The  section  shows  .^  or  4 
feet  of  muck  and  clay,  below  which  is  10  feet  of  gravel  containing 
pebbles  of  granite^  resting  upon  a  pay  streak  of  gravel  4  or  5  feet 


•  Paringtoii,  C.  W.»  Methods  and  ooHts  of  gravel  and  placer  mining  in  Alaska:  Bull. 
U.  8.  Geol.  Borrey  No.  263,  lOO.l. 
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thirk,  rliicfly  mnilc  up  of  pebbles  of  local  origiji*     Along  xU  margin 

In  UKJH  no  work  \va.^  \miig  done  for  nlnmi  Ji  inilo  al>ove  this  jK>iiit, 
and  tho  iifist  working  nnne8  wL^r«  fonnd  nmr  the  month  of  Crooketl 
Oeek,  Ilpff  ti^rracH*  ^niv^id.s  oji  tht*  h*ft  h*ink  10  lo  15  foct  alxive  the 
cToek  were  being  exploited*  Tlie  UhI  rm^k  of  tlit*  di*|JOsit  ifi  proUddy 
lit  tie  nljijve  tlic  preh€*nt  ei\H*k.  *V  ^I'ti^n  showed  2  or  3  feet  of  ninck 
ovt^rtying  5  or  ^i  f(H*t  of  jjniv^d,  vviiirh  resUHl  MfK)n  ailcaiXKm^  ^chiHt, 
Tht*  gravel  wiis  lK»(n^  wjished  down  by  h  hytlraulie  giant  to  n 
iiydninlic  eleviitor.     After  tlu*  giavM  wm  stnpjwd  the  lied  rock  wa.s 

t^I**aried  by  hand  t !t*i>th  (if  1   foot.     Minin*r  whs  also  in  jirogress 

ftt  tlu'  nionfh  of  C'ruokeil  t'i'eek  und  is  de^iiTilx^d  in  the  aeeonnt  of  that 
stream  {p*  2*>2), 

Kor  jdioiif  i  rjiilts  a  hove  (^rooked  C^rcN*k  tliere  wns  no  niiTHnt;;  in 
nM)3,  thungh  some  of  the  gnivel:^  doubtless  rarry  goUl.  In  the  cunyon, 
l\  iuilm  long,  whow  kmer  end  is  ft  mile  almve  frtHjketl  (^i"eek,  the 
rnx^k  Iwd  has  an  averag**  width  of  HKI  feet  an<l  enntains  sliallow 
de[JUHitt^  of  gravel,  in  wiiieh  very  til  tie  ruining  has  Ikh^m  done,  A 
ehararlerif^'ie  view  of  [hw  eanyan  is  given  in  Ph  V,  .1, 

On  the  left  fnjuk  of  Hie  enn^k,  iu*nr  (lit*  njnier  entl  of  tho  canyon, 
II  sanill  body  of  gra%Tl  is  exposed  on  a  beneh  (xissibly  20  feet  aUjve  the 
water*  Ileni  a  ent  showj^  5  feet  of  mnek  and  soil,  resting  upon  i^  to 
l\  feet  <if  ]my  gravrd.  The  bt»d  ror^k  is  rnlerireons  iniea  si'lnst.  some 
of  it  graphitic.  Mining  was  done  by  stripping  the  nuick  by  hand 
and  then  shoveling  tlu^  ])ay  gravel  into  slnice  boxes.  No  estimate  of 
ihe  gold  content  of  the  ])ay  streak  was  obtained,  though  it  nni>t  have 
yielded  at  least  wages  to  the  seven  or  eight  men  emi)l()ved.  Ahoul 
one-half  mile  above  this  |)oint  the  valley  of  ()|)hir  Creek  inerge>  witli 
the  gravel  |)Iain  of  the  uj)j)er  Fish  l\iver  lowland.  So  far  a>  known 
no  mining  has  been  done  ahove  this  point,  but  thei'c  lia>  been  -onie 
j)ros|)ect ing,  and  the  claims  all  the  way  to  the  head  of  the  ci'eej<  are 
held  by  annual  assessment  work.  The  gravel  (le))osits  of  the  lowland 
consist  mostly  of  pebbles  derived  fi'om  the  mountains  to  the  north, 
a  I'cgion  believed  not  to  he  aurifei'ous.  and  it  does  not  seem  likely  that 
workahle  i)lacer<  will  be  found  in  them. 


SWEETCAKE  CREEK, 


SwiHHcake  CriH'k,  a  trii)Utary  to  Ophir  Creek  fi"om  the  west  a  mih^ 
abo\i'  ihe  poitage,  i>  ahout  -)  niilo  long.  Near  its  head  the  creek 
Hows  through  a  nai'i-ow  \alley  incised  in  ihe  upland,  but  it  wid(Mis  out 
below,  and  near  its  mouth  a  Hat  bench  already  described  { |).  •J4r)) 
-e))arates  it   from  Xiukluk  Hivei*. 
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Credel,  and  what  was  probably  the  first  siicx^essfiil  placer  ininin<r  in 
the  precinct  was  l)egun  theiv.  Alx)iit  iNSO.OX)  is  said  to  liave  Ikhmi 
taken  in  that  year  from  one  claim.  The  pay  streak  was  found  to  Ih» 
confined  to  a  narrow  strip  along  the  creek  bed.  The  following  secti«>n 
was  measured  near  the  mouth  of  the  ci-eek: 

Section  on  Ktrretcakr  Vrrrk  nrar  mouth. 

Fin«»   mk»aoeous  wind ._   __.  _     ._  ."• 

Gravel    and    sand __  __ _  2 

Anjnilar  8C*hi8t  ^avel   (paystivaki .     _   __     _  1 

BtHl  rock  exposed I 

The  gravels  contain  much  mineralized  quartz  and  calcite.  and  the 
gold  was  formed  in  a  layer  made  up  of  angidar  ixfbbles  from  the 
immediate  bed  rock.  Average  pans  taken  on  l)ed  rock  ran  from  -J.*) 
to  50  cents  and  a  $9  nugget  was  the  largest  found.  By  100^^  the  rich- 
est gravels  on  this  creek  had  been  exhausted,  and  little,  if  any.  mininir 
was  in  progress.  It  is  reix)rted,  however,  that  thei-e  is  ^till  f*on>i<lfM - 
able  gold  left  along  the  creek,  which  will  l)e  i-edaimed  on  the  r-oniph'- 
tion  of  the  ditch  now  in  construction  from  the  head  of  the  Ophir 
Creek  canyon. 

DUTCH  AHD  8H0WBALL  CREEKS. 

Dutch  Creek  joins  Ophir  Creek  from  the  northeast  al>out  5  miles 
from  the  portage,  in  the  center  of  tlie  most  extensive  mining  ojKMa- 
tions  (m  the  main  creek.  It  forks  al)Out  2  miles  up,  the  west  branch 
l)eing  called  Snowball  Creek.  Both  forks  rise  on  the  surface  of  a 
plateau  about  800  feet  alwve  the  sea,  on  the  south  si<le  of  the  V'\>h 
River  lowland.  They  have  not  l>een  studied,  but  it  is  reported  that 
the  heiids  of  their  valleys  are  incised  in  gravel  deposits  re.seml»ling 
those  of  the  Xiukluk  lowland.  Xot  much  gold  has  Ikhju  produced  on 
Dutch  Creek,  though  there  has  l>een  some  mining,  and  pro-pe<toi> ' 
report  that  colors  of  gold  are  to  be  found  lK)th  in  tlie  rreek  and  on 
Ijenches. .  A  bench  resembling  one  on  the  headwateis  of  Crooked 
Creek,  described  below,  has  l>een  located  near  the  source  of  Siiowl>all 
Creek. 

CEOOKED  CREEK. 

In  1003  there  was  more  mining  on  Crooked  Creek  tlian  on  any  otlior 
tributary  of  Ophir  Creek.  Crooked  Creek  has  a  length  of  about  :> 
miles  and  a  general  southeasterly  course,  joining  th<»  main  -tieam  H 
milas  from  the  portage.  Two  small  tributaries,  known  as  Balm  of 
Gilhead  and  Albion  Gulch,  enter  Crooked  Creek  from  the  south- 
west about  1  and  2  miles,  resi)ectively,  from  its  month.  The  valley 
walls,  which  are  covered  with  talus  and  gravel,  ris<*  gently  from 
the  creek  floor  to  altitudes  of  200  or  300  feet,  where  limestone  crops 
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thick,  chiefly  madc^  up  of  pebble?^  of  local  origin,  \hmor  itj4  niHrgiii 
wHiK'  of  tlu'  [>ay  sti-eak  was  sjron^ly  r^int^iU^H], 

In  11)08  no  work  wafe  bt?ing  docp  ft>r  about  a  mile  almve  this  pointy 
ami  the  nest  working  niint?s  wera  foimd  ne-ar  the  moulh  of  CrooktHj 
('re4*k.  lien*  ternicc*  ^*nvt*];ri  on  tli<*  It^fl  bank  10  to  15  fe^t  ulH)\e  the 
crwk  were  biding  exploitpd.  The  IhhI  nn-k  of  tlu^  dcponit  is  i>robabiy 
little  almve  the  present  creek.  A  taction  showtnl  '2  or  ^  feet  of  muck 
ovt^rlying  5  or  V\  fet4  of  gnive!,  wliicJi  r tested  ujjon  cnb'^reons  srbist. 
The  gravel  was  beiiiff  washed  down  by  a  hydrauHt'  iriant  to  a 
hydraulic  ^levator.  After  the  grnvel  wils  Rtrippe<]  the  YhhI  mrk  was 
cl ea n ed  1  ly  h and  to  si  d t * i>t h  r > f  1  font.  Mining  w a s  a  1  so  in  j >rogress 
at  the  mouth  of  Crooked  Creek  and  is  deseril^ed  in  the  account  of  that 
stream  {p.  252). 

For  ijbuiit  4  Tni]i:*s  abftvi^  Crooked  Creek  there  wai^  no  mining  in 
1  iiOZ ,  th o n gh  some  of  t h c*  g ra v e  1  h  d uu I >t less  ca r ry  go IcL  1  n  1 1» e  ca j ly on , 
i'i  miles  loug,  who^  hiwcr  end  is  a  mile  above  Crooked  Crc^k.  the 
rreek  Iwr]  1ms  an  average  width  of  1(H*  feet  and  rtm tains  slnillow 
ilepositti  of  gravel,  in  which  very  little  mining  has  Ijeen  done.  A 
chanicteriH^ic  view  of  this  canyon  i?^  given  in  PL  V,  ^1. 

On  the  It^ft  t^ank  of  the  cret'k,  iwnv  (he  upper  end  of  the  canvon^ 
a  small  body  of  gravel  is  exposed  on  a  iKmch  pos-iibly  :^0  ftx^t  above  the 
water.  Here  a  cut  shows  5  feet  of  muck  and  soib  resting  upon  2  to 
l\  feet  of  )>ay  gi^avel.  The  iK'd  rock  is  r^alrjireotis  mica  schist,  some 
of  it  graphitic.  Mining  was  done  by  stripping  the  muck  by  hand 
Mild  then  shoveling  the  pay  gravel  into  sluice  boxes.  No  (estimate  of 
the  gohl  content  of  the  ])ay  streak  was  obtainiMl,  though  it  must  have 
vielded  at  least  wages  to  the  seven  or  eight  men  emplov(Ml.  About 
one-half  mile  abox'e  this  ])oiiit  the  valley  of  ()|)hir  Creek  me^g(^^  with 
the  gravi^l  plain  of  the  u])j)er  Fish  River  lowland.  So  far  as  known 
no  mining  has  been  done  above  this  j)()int,  but  there  has  been  some 
j)ros|)(M'ting,  and  the  claims  all  the  way  to  the  head  of  the  ci'eek  ai"e 
held  by  annual  assessment  work.  The  gravel  dc^posits  of  the  lowland 
consist  mostly  of  pebbles  dei'ix'ed  from  the  mountains  to  the  north, 
a  i-egion  Ix^lieved  not  to  be  aurifei'ous,  and  it  does  not  seem  likely  that 
workable  placer^  will  be  found  in  tliem. 

SWEETCAKE  CREEK, 


Swe(ncake  Creek,  a  trii)mary  to  ()|)hir  Creek  from  the  west  a  mile 
above  the  portage,  is  about  .*>  miles  long.  Near  its  head  the  creek 
Hows  thi'ough  a  nai'row  valley  incised  in  the  upland,  but  it  widens  out 
below,  and  near  its  mouth  a  tiat  bench  already  described  (p.  '24.")) 
separates  it  fi'om  N  ink  Ink  Kivei*. 
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Credel,  and  what  was  probably  the  first  successful  placer  mining  iu 
the  precinct  was  begun  there.     About  $36,000  is  said  to  liave  been  ' 
taken  in  that  year  from  one  claim.    The  pay  streak  was  found  to  be 
confined  to  a  narrow  strip  along  the  creek  bed.    The  following  section 
was  measured  near  the  mouth  of  the  creek : 

Section  on  Swcetcake  Creek  near  mouth. 

Fine  micaceous  sand r» 

Gravel    and    sand 2 

Angular  schist  gravel   (pay  streak) 1 

Bod  rock  exposed I 

The  gravels  contain  much  mineralized  quartz  and  calcite,  and  the 
gold  w^as  formed  in  a  layer  made  up  of  angular  pebbles  from  the 
immediate  bed  rock.  Average  pans  taken  on  bed  rock  ran  from  25 
to  50  cents  and  a  $9  nugget  was  the  largest  found.  By  1903  the  rich- 
est gravels  on  this  creek  had  been  exhausted,  and  little,  if  any,  mining 
was  in  progress.  It  is  reported,  however,  that  there  is  still  consider- 
able gold  left  along  the  creek,  which  will  be  reclaimed  o\\  tlie  comple- 
tion of  the  ditch  now  in  construction  from  the  head  of  the  Ophii' 
Creek  canyon. 

DT7T0H  AHD  BKOWBALL  GREEKS. 

Dutch  Creek  joins  Ophir  Creek  from  the  northeast  about  5  miles 
from  the  portage,  in  the  center  of  the  most  extensive  mining  opera- 
tions on  the  main  creek.  It  forks  about  2  miles  up,  the  west  branch 
l^eing  called  Snowball  Creek.  Both  forks  rise  on  the  surface  of  a 
plateau  about  800  feet  alx)ve  the  sea,  on  the  south  side  of  the  Fish 
River  lowland.  They  have  not  been  studied,  but  it  is  reported  that 
the  heads  of  their  valleys  are  incised  in  gravel  deposits  resembling 
those  of  the  Niukluk  lowland.  Not  much  gold  has  been  produced  on 
Dutch  Creek,  though  there  has  been  some  mining,  and  prosi)ectors ' 
report  that  colors  of  gold  are  to  be  found  lx)th  in  the  creek  and  on 
benches. .  A  bench  resembling  one  on  the  headwaters  of  Crooked 
Creek,  described  below,  has  been  located  near  the  source  of  Snowball 
Creek. 

CROOKED  CREEK, 

In  1903  there  was  more  mining  on  Crooked  Creek  than  on  any  other 
tributary  of  Ophir  Creek.  Crooked  Creek  has  a  length  of  about  8 
miles  and  a  general  southeasterly  course,  joining  the  main  stream  8 
miles  from  the  portage.  Two  small  tributaries,  known  as  Balm  of 
Gilhead  and  Albion  Gulch,  enter  Crooked  Creek  from  the  south- 
west about  1  and  2  miles,  respectively,  from  its  mouth.  The  valley 
walls,  which  are  covered  with  talus  and  gravel,  rise  gently  from 
the  creek  floor  to  altitudes  of  200  or  300  feet,  where  limestone  crops 
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out  ant]  the  ascent  steepens*  The  j^hieeiN  are  generally  confmoil  to  tliS 
cH'rk  lierl  iiiid  the  inuiietlitite  Hootl  phiinj  hut  some  oeeur  in  l>i*n**hes 
in^nr  the  head  of  the  creek. 

Thi*  Hoot]-j>]ain  deposit  ^t  the  mouth  of  Cro*»k(?<l  Cre^^k  widens  oul 
and  merges  with  that  of  Ophir  Creek,     The  gravels  from  the  twa^ 
sources  iire  readily  diKlingiiJsh*sd,  as  tho^e  of  Opiiir  Oivck  eontnuv 
granite  pehhieg,  whereas  Uiohc   from  Crooked  Crei^k  are  made  up! 
ciitit'cly  of  limestone  aiul  schist.     The  gravels  of  Ophir  Creek  ext<*nd 
alKHit  WO  fwt  up  the  valley  of  Crooked  Creek,  and  the  dejx>?iit  he; 
is  wider  ihau  that  whieli  l><don^  wholly  to  Crtwiked  Creek*     It  ml 
said  that  l)je  limits  of  the  Opldr  Creek  gi*avels  are  marked  by  a  dis-| 
tinct  rij5«  in  the  l>pd  rock  wliich  Im^  l>een  channeled  by  Crooked  Cii*ckt 
The  Ijod  rock  is  graphitic  calcareous  schist,  much  of  it  mineralixedi 
and  stringers  of  vein  quartz  carrying  graphite  were  obwrvi*d  at  it 
numln^r  of  placas.     One  of  these  is  a  mineralized  belt  12  feet  widej 
which  strikes  northwest*     In  this  impregnated  /.one  vein  quart/,  ii 
associated  witii  pyrite.     It  is  reported  Ut  a^say  as  high  as  $8  to  thi 
ton,  but  a  specimen  obtained  by  Mr.  C-oUier  .showed  only  trac?e8  lii 
irold  and  silver."     At  the  lower  end  of  this  claim  the  pay  streak  hai 
a  width  of  i^aO  fcct»  but  one- fourth  mile  above  it  narrowt^  down 
alx»ut  G  feet.     It  ha^  tieen  worked  out  and  no  section  Cjonld  be  meas- 
13 red »  but  its  average  thickness  is  reported  t<i  have  been  about  r>  feet.. 
The  gohl  tenor  of  the  gi'avel  mined  is  estimated  at  $4.50  to  the  cubio' 
yard. 

The  gold  is  comparatively  coarse  and  the  pieces  well  rounded. 
Some  arc  bright  and  otliers  iron  stained.  In  the  sluice  l)oxes  are 
found  heavy  concentrates  consisting  principally  of  garnet  and  mag- 
netite, but  inchiding  sonic  topaz.  It  is  impossible  l>v  ordinary  means 
to  separate  all  of  th(»  gold  from  this  concentrate,  for  after  all  of  the 
ai)i)arent  free  gold  has  been  removed  it  still  contains  from  40  to  ()0 
<-ents  to  the  pound.  An  assay  of  some  of  these  concentrates  shows 
.sti,4  ounces  of  gold  and  11  ounces  of  silver  per  ton."  In  these  concen- 
li'ates  the  gold  is  prol)al)ly  contained  in  limonite,  an  alteration 
j)i()duct  of  pyrite.  The  pay  streak  along  Crooked  Creek  from  the 
upi)er  end  of  this  claim  is  in  the  main  not  more  than  24  feet  wide. 
and  the  excavation  ah)ng  it  shows  it  to  be  nearly  straight.  About 
(hi'ee-fonrths  of  a  nnle  u])  the  creek  the  pay  streak  is  20  feet  wide. 
Mud  the  section  sliows  ()  feet  of  l)lack  mucky  clay,  '2|  feet  of  yellow 
-andy  chiy.  iM  feet  of  l)lack  clay  mixed  with  broken  limestone,  resting 
upon  xhistose  limestone.  7'he  gohl  is  found  in  the  lower  black  clay 
and  yellow  sandy  clay. 

About  U  miles  above  the  mouth  of  the  creek  the  pay  streak  is 
from   l''>0  to  2i){)  feet  wide  and  the  bed  rock  is  calcareous  mica  schist. 


A.    ROUGH  BOWLDERS  IN  THE    PAY  STREAK  Of  A  PLACER  MINE  OH  CROOKED  CREEK. 
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that  appear  to  have  reached  their  present  position  by  a  landslide 
from  the  side  of  the  valley.  These  limestone  bowlders  are  of  large 
^ize  and  a  derrick  is  required  to  move  them.  (See  PL  VI,  .1.)  Here 
the  pay  streak  rests  either  on  a  yellow  clay  above  the  schist  or  directly 
on  and  in  schist.  Very  little  work  was  in  progress  in  1903  above 
this  place  and  the  creek  was  not  examined. 

Above  Albion  Gulch  the  valley  of  Crooked  Creek  broadens  out 

into  a  comparatively  wide  basin  and  the  slopes  on  the  side  of  the 

^^alley  become  very  gentle.     Between  Albion  Gulch  and  the  main 

fork  of  Crooked  Creek  there  is  a  broad  bench,  nearly  level  in  some 

places  but  generally  sloping  gently  to  the  southeast,  on  the  surface 

^f  which  gravels  and  sand  have  been  found  at  a  great  many  places. 

^I'ospecting  had  not  in  1903  gone  far  enough  to  determine  definitely 

^Ije  limits  of  this  gravel  deposit,  though  it  apparently  extends  from 

tile    mouth  of  Albion   Gulch   and   covei-s  the   whole  hillside  to  the 

nort-l^yvest  for  nearly  half  a  mile;  its  upper  limit  is  marked  by  a 

'*^^x*t  of  swale  that  extends  from  a  point  near  the  head  of  Albion  Gulch 

'^ortheavstward  to  Crooked  Creek. 

I^rospect  holes  have  l)een  sunk  in  many  places  and  in  all  of  them 
^<^lors  of  gold  have  been  found,  while  in  a  few  the  gravels  contain 
^^liRcient  gold  to  warrant  mining.  One  open  cut  showed  7  feet  of  yel- 
Joxv  and  blue  sandy  clay,  containing  pebbles  of  quartz  and  schist,  rest- 
^  *^g  upon  a  nearly  flat  floor  of  limestone.  In  another  prospect  the  bed 
^'^^Kik  slopes  to  the  northwest  and  appears  to  be  the  rim  of  an  old  chan- 
^^ol.  Concentrated  giavel  taken  from  a  space  that  had  been  ground 
^* Sliced  yielded  about  2  cents  in  bright  angular  gold  to  the  pan.  On 
the  basis  of  150  pans  to  the  cubic  yard,  this  is  equivalent  to  about  $3 
^'^  Sold  a  cubic  yard.  Between  the  point  where  this  gold  was  obtained 
^^d  Crooked  Creek  a  hole  has  been  sunk  to  a  depth  of  82  feet  with- 
J^^^it  reaching  bed  rock.  The  shaft  passed  through  sand  and  gravel 
^^cIjs,  some  of  which  were  deemed  to  be  low-gi-ade  pay  streaks. 

-t^rospecting  hw^  not  gone  far  enough  on  this  bench  to  determine 

*^^    origin  of  the  deposits.     The  fact  that  the  i)ebbles  and  the  gold 

^^^    angidar  points  toward  a  very  local  source  for  all  the  material. 

^^  some  places,  however,  the  deposit  appeared  to  be  distinctly  water- 

^^c|.     It  seems  probable  that  the  greater  part  of  the  material  was 

^^rived  from  the  decomposition  of  the  bed  rock  almost  in  place,  but 

*^^$se  decomposition  products  have  been  in  part  sorted  by  water.     In 

'^  ^^w  claims  the  surface  deposit  of  the  bench  has  been  ground  sluiced 

^^^  the  gravels  underneath  shoveled   into  sluice  boxes.     Water  is 

^^Ought  in  a  ditch  from  the  head  of  Crooked  Creek  and  also  collected 

^om  the  seepage  of  the  hillside,  but  the  supply  is  insufficient  for 

fining  purposes. 
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Balm  of  (tilpad  (Tiik-Ii,  whirh  enters  Cnmkcd  C'ix>t^k  from  the  we.^t 
tilMjiit  1  milt'  froth  its  hjouth.  is  orjly  «jne-lialf  uiili*  ]img.  8onu*  wtn'k 
(ioue  in  11*03  exj^os^d  a  f^rtion  of  5  feel  of  brown  swil  re.^titig  upon 
li  to  4  ftHit  of  broken  ]in»i*st(nic  thai  ^rHtlunlly  Inx'nnn'  nion*  solid  in 
drptlh  (lultl  otrurs  \wn*  h-om  i\w  sorfjire  dowu,  but  i?^  ricliest  in 
th(!  crevicea  of  tho  Unie^toni^  The  gold  h  rough  and  iingukn  with 
i^hiirp  f^oriH^rs.  Three  or  four  men  wei^e  ©mployod  nud  tht*  |^8V{*I 
wah  wrt.slied  ill  ^ihiict*  hoxt^s.'  which  wero  siipplitnl  for  i\  fiMv  liours 
eiidi  dwy  with  n  stnall  i^liiirt^  hmid  of  water  coll<5Ctod  by  a  dftni  across 
tlie  giilch  atjove. 

Alhiou  Gult*h,  wliich  ont^^rs  Cn>okt*d  Crwk  fnjm  the  west  mde  about 
1^  tnile^^j  from  its  month,  is  alioitt  thret^- fourths  of  n  mih*  lon|^  aiid 
flows  acrosH  the  striki?  i>f  a  series  uf  i^diists  aud  linio?<toiu*s.  The 
grttvt'Is  of  I  Ins  gidch  are  auriferous  throiifjrhout  its  t'ourn:.  Xear  the 
ujontli  MH  exposed  s«etiou  revealed  'A  ft*et  of  s<>il  overly i tig  -\  f<H*t  nf 
^rav<.*L  resting  upon  liuiestoiie;  the  gravel  consists  of  pebbles  derived  j 
frtMji  the  i  turned  late  bed  roek.  The  rhnnis  along  this  i^ulch  weru  ^ 
w<*rked  by  stripping  the  soil  and  rnuek  from  t!je  top,  either  by  hoi'ses 
ant]  M'rapers  or  by  hand,  and  then  shoveling  the  gi'avei  into  sluifx^ 
boxes. 

IK^tDBOTTOX  CREEK. 

(ioldbottoni  Creek  joins  Niukhdv  Kivor  from  the  north  about  i> 
iiiilo  aboNc  Couiicil.  It  i^  about  10  miles  lonir  and  di-aius  an  arra 
nl"  iiboiit  .^0  M|uare  mile-.  It^  floor  is  comparatively  Hat  and  iVoiii 
:ah)  1()  l.ooo  tVel  wide,  and  the  vall(\v  sl()|)es  rise  more  pMitly  on  the 
wtv-tcrn  llian  on  the  eastei-n  side.  The  stream  has  a  irrmle  of  al)()nt 
100  feet  to  the  mile  and  at  its  month  carries  about  1,000  inches  of 
water.  Warm  Creek,  ^^llich  joins  (loldbottom  Creek  11  miles  from 
i(<  month,  is  the  lar<r<'>t  tributary  and  at  present  tlie  only  one  on 
which  minim:-  is  in  j)i-oi»:r(^ss. 

(iohll)ottom  Creek  i^  reached  from  (\)uncil  by  trail  alon<i:  the 
Ninkhik.  hut  most  of  the  snj)|)li(vs  aiv  towed  np  the  Ninkluk  in  Hat- 
boat-  to  the  month  of  the  creek,  whence  they  are  haided  to  the  claims 
in  v\aiion-.  1  houiih  mininn*  was  beiiim  on  this  creek  as  early  as  VMM). 
I  he  total  onl  jHit   is  small. 

The  heel  rock  i>  irreen  ainl  a'ray  schist  with  interbeddtHl.  crnshod. 
and  crnmi)h'(l  limestones,  which  in  ireneral  strike  a  little  west  of 
north  and  dip  to  the  east  :  below  th(^  month  of  W^arm  Creek  the  strike 
i-  east  (d'  north.  Many  coarsely  ijramdar  j^ebbk^s  and  bowlders  of 
Ui'eeil>lo| ceUJ^    ih    I  he   irra  V  eU   nf   the   crrel^    and    setnn    to  luive   bi'cll 
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lenses  of  quartz,  both  parallel  to  the  schistosity  and  cutting  across 
it  at  various  angles.  Many  of  these  are  mineralized  with  pyrites  and 
other  sulphides,  but  no  samples  have  been  assayed  by  the  Survey. 

The  placei's  are  confined  to  the  creek  bed  and  flood  plain,  and  only 
two  claims  were  in  operation  in  1903.  One  of  these,  near  the  mouth 
of  Warm  Creek,  had  been  worked  since  1900.  A  section  here  shows 
5  to  C  feet  of  fine  gravel  resting  upon  decomposed  chlorite  schist. 
The  values  are  contained  in  the  lower  2  feet  of  gravel  and  about  1 
foot  of  the  schist  bed  rock,  which  are  passed  through  the  sluices.  The 
gold  is  coarse,  well  rounded,  and  mostly  bright,  though  some  of  the 
pieces  are  stained  wuth  iron  oxide.  There  are  not  many  nuggets,  and 
the  largest  was  valued  at  $6.  The  concentrates  consist  of  garnet, 
hematite,  and  ilmenite,  wath  some  scheelite  in  small  rounded  white 
grains.  In  mining  a  sluice  box  2  feet  wide  is  used,  into  which  the 
gravel  is  dumped  by  horse  scrapers,  as  shown  in  PI.  VI,  B. 

On  a  claim  near  the  head  of  the  creek  about  2  feet  of  soil  and  muck 
were  removed  by  hand  and  about  3  feet  of  gray  mica-schist  gravel 
was  shoveled  into  the  sluice  box.  The  gold  is  fine  and  angular. 
Although  no  other  claims  were  in  operation,  a  large  amount  of  pros- 
pecting has  been  done  in  the  neighborhood  and  colors  of  gold  have 
been  obtained  at  many  places. 

WARK  GHEEK. 

Warm  Creek,  the  principal  tributary  of  Goldbottom  Creek,  joins 
it  from  the  east  side  to  about  1\  miles  above  the  Xiukluk.  It  is  about 
G  miles  long  and  occupies  a  V-shaped  valley  that  gradually  widens 
from  its  head  to  its  mouth.     It  carries  possibly  60  inches  of  water. 

Supplies  for  the  placer  mines  which  lie  in  the  upper  part  of  the 
valley  are  hauled  from  Council,  a  distance  of  about  8  miles,  by  a 
trail  crossing  the  hills  from  the  mouth  of  Ophir  Creek.  All  the 
placer  deposits  yet  discovered  are  of  the  creek  type. 

The  bed  rock,  which  is  limestone  and  schist,  with  some  greenstones, 
has  in  most  places  an  easterly  dip.  Mineralized  quartz  veins  occur 
at  a  number  of  places  along  the  creek.  Near  the  mouth  of  the  creek 
there  are  two  quartz  veins,  one  about  3  feet  wide  and  the  other  about 
1  foot  wide,  striking  N.  30°  E.  and  standing  nearly  vertical.  These 
veins  cut  a  gray  siliceous  mica  schist  near  its  contact  with  a  green- 
stone mass.  They  show  little  mineralization  and  no  sample  was 
taken  for  assay.  The  creek  gravel  has  all  been  derived  from  rocks 
exposed  within  the  drainage  basin. 

The  workings  show  a  thin  layer  of  muck  and  moss  overlying  about 
7  feet  of  barren  gravel,  below  which  some  gold  is  found  in  the  crev- 
ices of  the  weathered  bed  rock.  In  places  the  lower  foot  of  the  gravel 
also  carries  gold. 
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Mining  was  begini  on  this  creek  in  1900,  and  though  no  bonanza^: 
liave  been  found  and  the  distribution  of  the  gold  seems  ratlier  irregu- 
lar, yet  many  claims  have  yielded  fair  profits,  and  the  entire  output 
is  probably  about  $100,000. 

Most  of  the  gold  is  rough  and  iron  stained,  and  some  of  it  is  almost 
black.  One  nugget,  worth  $45.10,  at  $16  per  ounce,  was  found  in 
1902 ;  and  one  worth  $12.33  in  1903.  The  concentrates  contain  ilmen- 
ite,  scheelite,  magnetite,  garnet,  and  some  hematite  and  rutile.  A 
sample  of  the.se  concentrate^^,  from  which  the  free  gold  had  been  ex- 
tracted by  panning,  was  assayed  for  the  United  States  Geological 
Survey,  yielding  22.40  ounces  of  gold  and  4.20  ounces  of  silver  to  the 
ton."  This  result  is  suggestive,  as  Warm  Creek  heads  near  Crooked 
Creek,  from  which  similar  rich  concentrates  are  obtained. 

It  is  reported  that  a  number  of  claims  near  the  mouth  of  the  creek 
have  been  lK)ught  by  a  company  that  purposes  to  work  them  with  a 
dredge.  The  gravel  deposit  is  several  hundred  feet  wide  and  is  said 
to  be  from  6  to  9  feet  thick ;  the  bed  rock  is  mainly  a  soft  mica  schist, 
but  there  is  also  some  limestone.  The  weathered  surface  of  the  schist 
could  be  easily  cut  by  a  dredge,  but  to  obtain  the  gold  in  the  limestone 
would  probably  be  more  difficult. 

CAKP  GRESK. 

Camp  Creek  flows  into  the  Niukluk  from  the  south  about  a  mile 
below  (loldbottom  Creek.  Several  claims  were  worked  on  this  creek 
in  li)()4.  Tlie  auriferous  gravel  is  from  50  to  100  feet  wide  and  alwiit 
l\  feet  thick,  witli  an  overburden  of  about  3  feet,  and  is  said  to  rarn 
from  75  cents  to  $1  a  cubic  yard.  Most  of  the  mining  was  done  by 
I  he  shoveling-in  j)rocess.  but  one  claim  was  hydraulicked  with  a  can- 
vas hose  carrying  water  under  a  70-foot  head. 

ELKHORK  CREEK. 

Klkhorn  Creek,  a  small  stream  which  joins  the  Niukluk  from  tht' 
south  about  5  miles  above  Ophir  Creek,  is  incised  in  a  broad  terrace' 
bordering  the  river.  Its  trench  ranges  from  150  to  500  feet  in  width- 
Mining  here  began  in  liKX)  and  the  placers  were  then  examined  h} 
Richardson,  who  reported  as  follows r'^ 

Ncjir  (he  month  of  (ho  civck  iM  fc^ot  of  gravel  overlie  r»  inches  of  clay  an<I  ^^'^' 
int(';:nit('(l  hcd  rock.  It  is  reported  hy  miners  that  the  i)ay  streak  is  in  patcl"*^ 
and  that  the  avcra;:e  yield  of  pans  is  .">  cents.  The  bench  near  the  mouth  il'^'*^ 
colors  hnt  has  not  been  developed.  The  bed  rock  is  mica  schist,  interbeil"*** 
with  limestone,  and  the  strike  is  at  rijrht  angcles  to  the  course  of  the  stream"- 
with  almost  vertical  dip.  i^ivinir  favorable  conditions  for  concentration  of  H"- 


"Assay  by  E.  E.  Rurlinpamo  &  Co.,  Denver,  Colo. 

"  Rrcioks.  A.  n..  Kirhiirdson.  (;.  R..  s\iu\  CoIIUm-.  A.  .T..  Uoconn.nl«»snnces  In  thp  <'"'f* 
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The  gold  is  modiiim  coarso  and  briglit  yellow  in  color.  Some  very  coarse  gold 
has  been  found  staine<l  with  iron.  The  average  assay  shows  its  value  to  be 
$10.12  per  ounce.  Quartz  is  often  found  attache<l  to  the  placer  gold,  and  one 
nugget  was  attached  to  a  piece  of  mica  schist.  This  goes  to  show  that  it  is  of 
local  origin.  One  nugget  worth  $55  has  been  found  and  several  worth  from  $12 
to  $16. 

Since  11)00  the  placers  for  about  half  a  mile  have  been  entirely  ex- 
hausted, but  farther  uj)  the  creek  work  is  still  in  progress  both  in  the 
(Teek  bed  and  on  the  benches.  It  is  estimated  that  the  total  produc- 
tion of  the  creek  up  to  date  has  been  from  $110,000  to  $120,000. 

CASADEPAOA  RIVER. 

Casadepaira  River,^  the  largest  southern  branch  of  the  Xiukluk, 
has  a  length  of  about  30  miles  and  a  general  northeasterly  course. 
The  writers  have  had  no  opportunity  to  examine  this  basin  and 
the  following  notes  are  compiled  from  the  i)ublished  report  of  A.  H. 
Brooks  ^  and  from  additional  data  kindly  furnished  by  C.  W.  Purmg- 
ton  and  Sidney  Paige,  who  made  a  hasty  trip  through  the  Casade- 
paga  Valley  in  1J)04. 

The  gradient  of  this  river  does  not  exceed  13  or  14  feet  to  the 
mile  and  from  its  mouth  to  a  point  within  2  miles  of  the  head  of  its 
longest  tributarj'  the  whole  fall  is  not  more  than  400  feet.  The 
drainage  area  is  large  and  the  stream  is  navigable  for  small  boats 
and  canoes  for  a  distance  of  about  15  miles.  The  upland  in  which 
the  Casadepaga  Valley  is  incised  ranges  in  elevation  from  800  to 
1.800  feet.  The  bed  rock  of  the  whole  basin  consists  of  the  lime- 
stones and  schists  of  the  Nome  group,  including  many  veins  and 
stringers  of  quartz,  some  of  which  are  known  to  be  auriferous. 
Though  none  of  these  yet  discovered  are  large  enough  to  mine,  they 
are  ample  to  account  for  the  origin  of  the  j^lacer  gold  in  the  basin. 

The  river  occupies  a  broad  and  deeply  gi'avel -filled  valle3\  in  the 
Hoor  of  which  the  present  stream  bed  is  ti-enched  to  a  depth  of  30  to 
150  feet,  leaving  well-marked  gravel  terraces  and  benches  through 
:iiearly  the  whole  length.  In  the  lower  i)ait  of  the  valley  the  stream 
lias  cut  to  bed  rock  through  the  gravel  deposits  in  only  a  few  places, 
l)ut  in  the  headwaters  region  the  gravels  overlie  broad  rock-cut 
benches  on  both  banks. 

Although  the  gravels  of  the  river  bed  undoubtedly  contain  con- 
^^iderable  gold,  it  has  probably  not  been  successfully  extracted,  both 
l:)ecause  of  the  volume  of  water  aud  the  slight  grade  of  the  river 
Iwttom.  The  placers  that  have  been  ()j:)erated  up  to  the  present  time 
are  in  the  small  tributary  streams  at  points  where  they  cut  the  gravel 

•  By  a  recent  decision  of  the  Tnltod  Slatos  fJoojjniphic  Board,  the  correct  name  of  this 
river  has  been  declared  to  ho  rnsndppajra  instoad  of  Koksuktapaj^a. 
M)p.  clt.,  pp.  107-110. 
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lerracegand  beijcht*^*  Them  are  creek  phicors  that  liav^  flerivpcl  most 
of  their  metal  lie  content  h  by  recom-entnition  from  the  benches  and 
terraces.  The  gravels  of  the  Ix^nches  are  anrift^roiis.  Imt  their  tenor 
do^  not  apiJear  to  be  high  enough  to  mine  under  the  pi^esent  cos^t  of 
labor  and  supplies.  There  is  a  well-marked  terrace  ^^O  feet  ab<ne 
the  river  bed  and  there  are  traces  of  olhers  up  to  altitudes  of  WO 
feet*    The  following  is  quoted  from  Brooks's  i-eport  already  cited 

The  Koksiiktupfiga  l<;«s*uiopn^uf  ^vns  first  pivi^iiectetl  In  ISftti^  by  Mordaiint, 
Lltobj',  Nelson,  and  Blake.  Tljest*  (ili>iieers  are  known  us  tlit*  Big  Four»  frooi 
wlirmi  the  htrjjewt  trUuitury  nf  tJiP  Kokfmktiipfigii  ret^t^lvf^  its  niimi^.  clnirns  ns 
far  uj»  as  (ioos**  and  Qiairtj?  I'ciH^kH  wCT^e  UH-Mleit  In  181^8.  luit  laoKt  oC  lUi 
(Staking  on  tlie  Koksuktupiiga  uml  Its  trJ  but  arias  wnj*  doni?*  in  ISIH*.  Quartss, 
Bmilder,  lilxon*  and  Sriniee  <^reekpt  ore  rt*fHnle<i  to  t*ave  yielded  a  fe^v  llioUNand 
dtiUarw  In  WMk  Tbli^  was  taken  out  iu  Ibe  t^jurwe  of  iiros?i>e<.'tlng  ratber  tluni 
in  (jysteniutio  jnlnln>r» 

In  ItiOO  iben^  was  a  general  delay  In  i^eftUi^  iiUo  the  et>unlTj\  and  later  oj 
the  low  wnter,  ron^eipient  to  the  dry  senRon.  deh:yeri  transyKirttitloii  of  «ni|nilleil? 
In  the  falK  btit  a  short  time  after  ttliiiHag  hud  hetjnn.  ftoinis  waRhml  away  niany 
cliinis,  dltehe?*,  and  shih*fj  1m>x*»?i.  The  t^nnon  of  IJXX^  nrnst  l>f  reKiirdod  t^hiefiy 
ui^  u  period  of  fnrther  prosnet*tlng.  It  is  e:tiiec*ted  that  tbc  «etunl  iH>gisllinitIeii 
of  the  country  wHl  l)e  more  elenrly  shmvu  In  1901.  Thi'  outpnt  of  tlie  K^iksukta-' 
paga  region  for  ItNHJ  is  estimated  to  I*e  $ir>.<)(N'i,  Thlw  has  Ijeeii  taken  urosfly 
from  tlie  trUmttiry  ^treiun*^,  a,^  little  ndaing  has  been  done  on  tbe  ninia 
river.     *     *     * 

Dawson  Gtileb  Joins  the  river  nearly  opfKJ^Ite  BI|:  S^otir  Ci'^k*  Tlio  30-foot 
lien  eh  of  the  river  valley  across  whieh  the  pikdi  flows  <'[irrles  ndors.  On  the 
niicji-schist  bed  rook,  which  was  reached  by  test  i>it,  fine  gold  is  found  asso- 
ciated witii  j^nrnct. 

S('\-cr;il  Lrniclic^  on  the  ons^t  side  of  tlic  creek  l)etweeH  P»ijr  Fmir  nnd  I)i.\<>n 
creeks  were  reported  to  i^ive  i^ood  ])n)Sj)ects.  Of  tliese  'I'liorpe  (Jid'-ji.  opposite 
Dixon  ("reek,  was  h<Mn,:Lr  worke<l.  Fonr  men  liad  chn;  a  ditcli  al)ont  4n  foct  I<miu' 
liy  4  feel  deep  in  the  Ikm]  of  tile  ixuleli.  whicli  is  a  eliannel  across  tlie  terrace  «»f 
the  KoksnUtapaLra.  Bed  r(»ck  was  not  reaclied.  Mica  scliist.  jjcrapliitic  <piart/, 
scliist,  and  limestone  are  exposed  at  tlie  liead  of  tlie  gulch,  'i'lu-  gold  is  fine 
and  is  associated  with  (piartz  and  jnagnetite.  Tin*  claim  was  rei)orted  to  l»e 
1  laying  small  wages, 

I>ixon  Ci'eek  was  dry  in  July  nnd  no  work  was  being  done  on  It.  A  claim 
neai"  its  month  is  I'cportcMl  to  have  yieldecl  a  few  thousand  dollars  in  ISIM).  The 
workings  were  at  the  base  of  the  terrace  in  tbe  ci'cek'  channel.  Massixc  ,rray 
(•rystallin"  liniestoiK^  caps  Abtunt  l>ixon.  north  of  tlu^  creek,  iielow  tbe  lime- 
stone is  mica  schist  cai'rying  small  (piartz  veins. 

1  >ry  (JuN'h  is  a  sniall  <-hannel  incised  in  the  terrace  of  tbe  main  \'alloy.  No 
measnre  was  obtained  of  the  thickness  of  the  terrace  gravels,  bu.t  it  may  reach 
r>(»  feet.  The  workings  in  the  tei'race  have  reached  a  depth  of  8  feet,  and  colors 
have  been  fonnd  from  the  grass  roots  down.  The  gold  is  usually  tbie :  on*"* 
S-  nngiret  was  ohtainiMl.     Pans  ai'e  s.aid  to  avr^rage  -i  cents. 

An  impoi'tant  <-onsiderat ion  relative  to  tbe  gold  resources  of  the  Koksuktapag.-i 
is  the  fact  that  the  gold  of  ])r\  (inlch  and  similar  streams  is  not  found  on  IhhI 
rock,  hut  occni-s  in  the  gravels  of  the  terra(  e  and  is  usually  concentrated  on  clay 
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At  the  time  of  Mr.  Riobardson's  examiDation  the  lower  valley  of  Spruce  Creek 
was  buried  in  a  remnant  of  ice  of  the  previous  winter  and  no  work  was  being 
done.  It  was  reported  that  40  or  50  ounces  of  gold  were  taken  from  this  creek 
in  1899. 

Some  development  was  made  on  Penelope  Creek  during  1900,  but  in  the  lower 
part  of  the  creek  bed  rock  had  not  been  reached.  Pans  are  said  to  average  5 
cents.  The  adjacent  country  rock  is  quartz-muscovite  schist  and  graphitic 
quartz  schist.     This  creek  seems  to  have  ample  water  for  sluicing  at  all  times. 

Goose  Creek,  which  joins  the  Koksuktapaga  opposite  the  mouth  of  Penelope 
Creek,  was  dry  in  July.  Mining  operations  were  going  on,  however,  to  be  ready 
for  the  fall  rains.  Gravel  is  from  4  to  8  feet  thick.  The  lower  2  to  3  feet 
usually  carry  values,  and  pans  are  said  to  run  from  2  to  5  cents.  Quartz  Creek 
is  a  tributary  of  Goose  Creek.  The  gravel  is  about  3  feet  thick  and  is  said  to 
average  about  8  cents  to  the  pan.  Mr.  Richardson  saw  one  pan  taken  from  bed 
rock  which  yielded  80  cents.  The  gold  is  flat  and  coarser  than  Goose  Creek  gold. 
Mint  receipts  give  its  value  at  $18.G0  an  ounce.  The  concentrates  from  sluices 
farry  much  garnet  and  magnetite.  Bed  rock  is  quartz-nmscovite  schist  witli 
thin-bedded  limestone. 

A  mass  of  ice  averaging  10  feet  high  fille<l  the  mouth  of  Canyon  Creek  and 
extended  up  its  bed  for  a  mile.  The  lower  course  of  the  creek  lies  in  the  river 
terrace,  through  which  it  has  cut  its  valley  into  the  quartz-mica  schists.  About 
2  miles  from  its  mouth  some  work  has  been  done,  exi)osing  3  feet  of  gravel  on 
l)ed  rock. 

Boulder  Creek,  a  northerly  tributary  of  Canyon,  is  said  to  have  yielded  50 
ounces  in  1899  as  a  result  of  a  few  days'  work.  In  July  work  on  one  claim 
showed  about  2  feet  of  gravel  on  bed  rock,  of  which  about  18  inches  are  said 
to  carry  values. 

Banner  Creek  had  some  water  in  it  in  Julj',  but  not  enough  for  sluicing.  One 
claim  in  1899  is  reported  to  have  yielded  ^^400  to  four  men  who  sluiced  two  days 
and  a  half.  When  Mr.  Richardson  visite<l  this  creek  two  men  were  at  work 
near  the  mouth,  where  the  gravel  is  8  to  10  feet  thick.  The  gold  is  rather 
coarse,  though  flattened,  and  assays  $10.20  an  ounce.  Farther  up  the  creek  more 
or  less  work  had  been  done  and  the  prosjyects  were  rei)orte<l  good.  Limestone 
is  lied  rock  in  the  mouth  of  the  creek  and  ontcrojis  on  tlie  divide  to  the  north. 
(vrapbitic  quartz  schist  caps  the  hill  at  the  head  of  the  creek,  and  mica  schist 
forms  the  divide  between  Banner  and  Ruby  creeks. 

Jjett  Fork  «  of  the  Koksuktapaga  is  about  5  miles  long.  Like  Canyon  Creek, 
in  its  lower  coarse  it  cuts  through  the  wide  terrace  of  the  main  river,  while 
above  the  valley  it  is  confined  by  adjacent  hliis.  Tiie  rocks  in  the  lower  course  of 
the  Left  Fork  are  mica  schists  dipping  S.  05°  W.  at  an  angle  of  30°  to  00°,  and 
jointed  N.  70**  E.  Between  Wilson  and  Willow  creeks  is  a  belt  of  gray  limestone 
about  2,500  feet  thick  interbedded  in  the  schi^stose  series.  Small  quartz  veins 
are  frequent  throughout  this  series.  Pebbles  of  garnetiferous  greenstone  are 
common  in  the  creek,  but  no  outcrop  of  this  rock  was  seen.  No  developments 
have  been  made  on  this  stream. 

Willow  Creek  is  a  small  branch  at  the  head  of  the  Left  Fork,  from  which 
good  reports  came  toward  the  end  of  the  season.  A  low,  narrow  bench,  about 
6  feet  high,  extends  along  the  creek.  Gravel  is  shallow  in  the  creek  bed.  I*re- 
limlnary  development,  it  was  claimed,  showed  that  a  man  could  average  $10  a 
day  with  a  rocker.  One  $8  nugget  and  another  worth  {p4-35  have  been  found. 
The  gold  is  coarse  and  dark.  In  the  lower  part  of  the  creek,  bed  rock  is  lime- 
stone, while  farther  up  it  is  mica  schist. 


•  Now  known  as  Lower  Willow  Creek. 


Unity  ri*eek.  s^t  utiuiLHl  fi»r  ibo  iiunM*vims  si  ii  ill  I  panieti^  fLiiiml  In  lt»  1^  pliant 
II  aiili?a  louiT  *iiul  iknvH  In  n  i*iiTii|Minitlvt4.v  lirmul  Tn!It\v.  litn!  niK^k  Ik  iiiiru" 
^*liliit  ilipnitiij  K.  tiri*  W.  Ml  au  tiliirle  of  45",  on*  1  Jointed  L*a»i  and  wi*sl.  Niutw'?- 
oij)i  jsiiurtH  tpjiirtx  veins  immllH  botli  to  tUe  !^'hlsttJ«lt,v  and  to  {he  joints  iioc*ur  In 
Hit*  rtfhifits,  iVliblet*  t*f  pM'iit»fir**n*us  |!ri*<HHislon<»  »nv  fommoii  ]n  tli**  iTi^ek.  Inil 
thir  ruii^li  wfts  not  SM^n  in  piirn'**.  At  tb*>  lieurl  i^f  11  Ji*  t-reek  ;:i"iiy  liui»*«itiirii*  and 
^raphitk^  iiniirtK  mi^IiIkI  t\n*  o\p*iHetl.  In  JuJy  tlH*rp  \v(»rt'  alnjut  tvvinit^  JN«*n  mi 
I  til'  i-rnipk,  AhiKirtt  wf^vy  ohiini  Imd  iit  lt*n«t  tnii*  ix*[)rt'?*(*ntiitlvi*  *iii  It  tUimi^h 
pri»4|M*c<tJiitr  mu\  pivlirninrtry  work  rntJier  rliitn  utlnnl  ntialng  wns  lK*Iinr  iUnw. 
iSrveml  illtflios  Imve  been  dng  in  ttie  rr*^i  Uott<»m,  ami  crciawtit^t  1m ve  brcii 
nnide  Into  tlK'  juljucfut  lieiirlu  In  Hu*  lovvi*r  imrl  nf  the  niM?k  tUtTP  tw  a  ilnitli 
of  2  in'  :t  rei*t  or  crnvi*!  throng; tt  wtilrh  thp  sfolil  iw  pirtty  w(?II  ritstriiintixh  Mim^ 
^i*rnc4Hi  !>nii  a  IStfle  lilni*k  Kond  nrt*  aKKor^nitiHl  svitli  tlif  ^oh\.  The  ^i*l(l  is  f**m^M^ 
nillipr  durU*  iiiJouhL  juid  is  sii!d  to  ntssay  JjilUJSri  an  ounce.  Tlit'  inr,L,'i"^  nug^Pt 
found  way  wortJj  $ri.riM. 

NOTES  ON  RECENT  DEVELOPMENTS  IN  THE  COUNCIL  REGION. 

Ii3f  Vuiuir  s,  8m!tm, 

Tlio  foH(Kwin^  not  OS  \ver<*  ^''nthennl  liy  llio  writor  diirinp:  a  wf>pl<VJ 
journey  in  th»»  rdunt-il  di^itrirt  in  ITJOti.  Tlioy  iin*  inteiuled  to  snii* ' 
pleuient  the  Je^^tTiptionti  given  in  the  foregoing  [mges. 


In  inO(i  Inif  littl*^  work  linil  hovu  tloin*  on  ^ff^kinir  riTclv,  nwiti^o 
llic  exceed inirly  (h*v  season.  'I'owanI  th(»  last  of  Soj)teniher  acti\(' 
operations  were  in  pi-o^-i-ess  only  near  the  month  of  Basin  Creek.  m1- 
(lionuli  (wo  oiillil^  of  lliree  to  >i.\  men  each  had  l)een  at  worl;  earlier 
in  ilie  ^(  M-on  \N  itli  >ci'aper>  1h'1o\\   tlii^  ])()int. 

A  I'nice  (if  --ix  lo  icn  men  li:id  l>een  employed  innnecliately  Uclow 
r»;i-iii  ('reek,  hni  Iiiid  ceaMMl  work,  owina'  to  tTo>t.  jn-t  heinre  llif 
\i-it  of  llir  wi-ilei"  on  Seplemher  "JS.  The  conr-e  of  llie  j)ay  -treak. 
wliicli  lie>  ()i\\\  ;i  few  feet  ahox'c  the  present  >tl'eam  leNcK  i-  \'ei-y  -iii- 
\\{)\\^  ,ind  -iiiiii-e-l-  tlial  tlie>e  ui'axcls  were  (le])()siled  l>y  a  stream  of 
ti'k'il  i\  cly  ^mall  si/e  nieanderini:-  widely  on  a  flat  slojx'.  A  featnie 
(d"  -ome  inlere-l  i'-  tlie  oc<'ni-rence  of  larife  i>i*anite  and  (pnii'lzite  how  1- 
dci-.  iiii.ny  of  them  1^  inclie>  in  diameter,  in  a  layei*  of  nnid  and  de- 
ciiyed  \  ('iielnhlc  matter  lyiiii*-  al>o\-e  the  ^'ravels.  The  granite  i-  hut 
diiziilly  deconij)ov(Mh  and  the  howlih'rsare  I'ather  an!j:nlar.  snir.ire^t  ini: 
a  ( rail-port  ini:  aiicncy  other  than  rnmiinir  wat(M'.  Associated  with 
ihe  ani'ifi'ron-  iiraNcU  in  many  phn-e-  are  thin  strata  of  cemented 
ijra\('h.  in  \\hi<-h  tlie  cement  inn'  materi;d  i>  mainly  calcite.  The 
(•('iMeiiletl  cliaracter  i)re\('nl-  llie  >ej)ai'ati()n  of  <X()\(],  so  thai  if 
much  of  ihi^  -oil   of  iiraxcl  >honhl  i)e  enconntered   i"ecoui's(»  to  ^onie 
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a  strip  of  canvas  or  cocoa  matting  on.  a  plank  slightly  narrower 
than  the  Iwttoni  of  tlie  sluice  box.  On  top  of  the  canvas  a  strip  of 
galvanized-iron  screen,  with  about  a  one-fourth  inch  mesh  and  the 
sanie  width  as  the  plank,  was  fastened.  In  use  the  plank  was  placed 
in  the  bottom  of  the  sluice  box  and  the  riffles  laid  on  top,  thus  hold- 
ing it  in  position.  To  clean,  the  plank  was  taken  out  of  the  sluice 
box,  turned  upside  down  and  pounded  with  a  hammer  or  mallet. 
Although  no  comparative  figures  were  available  to  prove  the  added 
efficiency  of  the  sluice  boxes  thus  equipped,  the  operator  was  com- 
pletely satisfied  with  the  results,  as  he  was  convinced  that  the  addi- 
tional saving  of  gold  was  very  great.  It  is  not  necessary  that  every 
box  ill  a  string  should  be  equipped  with  such  a  false  bottom.  Indi- 
vidual practice  and  study  will  determine  the  most  effective  number 
for  different  kinds  of  gold. 

Just  at  the  mouth  of  Basin  Creek  work  was  in  progress  during  the 
summer  of  190C  on  gravels  that  lie  in  the  creek  and  on  a  bench  a  few 
feet  above  the  stream.  The  pay  streak  seems  to  be  a  direct  continua- 
tion of  the  one  on  the  claim  next  downstream,  already  described. 
In  addition,  at  points  where  these  slightly  higher  benches  are  cut  by 
the  creek  the  present  stream  gravels  contain  values  that  repay  work- 
ing. The  ground  is  developed  by  the  use  of  horse  scrapers  and 
sluices.  Operators  all  along  the  creek  were  much  hampered  owing 
to  the  lack  of  water  in  the  early  part  of  the  summer.  Another  dif- 
ficultj'  encountered  in  the  district  is  due  to  the  low  grade  of  the 
creek. 

OPIIIR    (REEK. 

Since  the  date  covered  by  the  report  on  the  Seward  Peninsula 
(1903)  the  development  of  the  Opliir  Creek  placers  has  continually 
called  for  additional  water  and  additional  head.  To  meet  this  de- 
mand high-level  ditches  have  been  constructed  and  maintained.  It 
was  recognized,  however,  that  the  basin  of  Ophir  Creek  could  not. 
even  under  the  most  favorable  circumstances,  afford  sufficient  water 
to  meet  the  growing  demands.  Consequently  it  has  been  necessary 
to  lead  water  from  other  drainage  areas  into  that  of  Ophir  Creek. 
The  largest  operation  of  this  kind  projected  has  been  successfully 
earned  out,  and  undoubtedly  permitted  mining  which  the  dry  weather 
of  the  summer  of  1900  would  have  otherwis(^  prohibited.  The  ditch 
takes  water  from  Parantulik  River  at  Helen  Creek,  a  small  tributary, 
about  2  miles  north  of  the  summit  of  Chauik  Mountain.  It  is  11 
miles  long,  and  in  many  places  where  the  slopes  are  excessive  a  flume 
has  been  constructed.  The  water  is  led  around  the  east  flank  of 
Chauik  Mountain  and  then  across  the  divide  into  the  Ophir  Creek 
basin.  In  order  to  obviate  additional  ditch  construction,  the  water 
is  discharged  into  Ophir  Creek,  and  taken  up  agahi  farther  down- 
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t^lrt^iini  by  one  of  the  t^visting  iliteh(?s.  It  was  estimated  that  about 
H,(U)0  Jiiinei's  inches  vvtun*  avunlnblf'  froirj  ParAiitulik  River,  but  dur- 
ing the  dry  poriod  of  1000  only  al>ont  r>00  inches  were  delivered  by 
the  tlitch. 

Another  project  for  leading  water  from  Parantnlik  Birer  to  Ophir 
Criisek  is  iiiuler  way,  but  as  yet  aetunl  ditdi  cuoist ruction  lias  made 
little  progress^.  U])  to  the  present  time  the  work  of  this  company  has 
Ijt^en  mainly  devoted  to  suiTcying  the  course  of  the  ditch,  making 
pfi*liminary  obir^rvation*^,  and  jicquiring  rights  of  way.  The  pro- 
potted  ditch  will  take  water  from  a  point  considerably  below  the 
coiripleted  one,  and  for  that  reason  should  have  moi>i  water  available. 

A  ditch  of  less  size  than  either  of  the  foregoing  has  been  con- 
structed to  collect  water  from  the  iiortherii  tributaries  of  the  Xiulduk 
about  2  miles  west  of  Ophir  Creek,  This  ditch  h  at  a  low  level,  is  of 
^iuiall  cross  section,  has  only  a  ^mall  available  drainage  area,  and  is 
to  bo  used  only  by  the  j)roi>ert1es  near  the  mouth  of  Ophir  Creek^^ 
l>eIovv  Sweet  cake  Crtn^k. 

In  addition  to  thu  ditch  building, another  featiii^of  interest  in  the 
district  has  been  the  location  of  a  gold-bearing  lode  on  the  divide  be- 
tween Gold  bottom  and  Ophir  creeks,  near  tlie  head  of  Crooked  Creek 
The  Idcle  occni"s  near  the  contact  l^etweeii  limestone  and  schist,  and 
the  specimens  show  considerable  fi'ee  gold*  Values  of  nearly  $40  to 
the  ton  are  repoi*ti>d,  but  it  is  ncii  known  tliat  tlipy  wen*  from  com* 
niercial  samples.  This  discovery  seems  to  be  significant  in  connection 
with  the  fact  tliat  the  gold  at  many  parts  of  (^rooked  Creek  is  very 
sliarp  and  !m<iuhir  and  imich  of  it  lias  (piarlz  fragments  attaclied.  A 
s])ccimcn  of  gold  seen  near  the  month  of  Crooked  Creek  was  of  such 
fragile  sIkijx'  and  ci'vstalline  form  that  it  seemed  im})()ssihle  for  it 
to  Innc  been  eanicMl  more  than  a  few  feet  from  its  source. 

\\'ork  on  ()i)hir  Creek  during  li)()(>  was  carried  on  less  l)y  individu- 
als and  more  by  laige  com])anies  than  in  [)revious  years.  I'he  mo>l 
active  work  has  bei^n  done  by  the  dredge  at  the  ])ortage,  by  elevators 
near  Sweetcake  and  Dutch  cr(M'k->.  by  derricks  a  little  above  Dutcli 
Ci'cek,  and  by  shoxcling  in  near  the  mouth  of  Crooked  Creek.  No 
work  was  done  on  ( )j)liir  Creejv  aboNC  Ci'ooked  Creek  during  the  sum- 
mer of  P.)0().  Some  work  was  in  pi'ogri^ss  on  a  few  of  the  tribntarie- 
of  Ophir  Creek.  A  little  mining  has  been  done  on  Sweetcake  Creek, 
but  the  \alue^  do  not  mmmu  to  run  nnich  more  than  a  mile  above  il^ 
mouth.  ( )n  Dutch  Ci'eek  al>o  a  little  mining  has  been  done.  Tlio 
small  -tream  joining  ()j)liir  Creek  near  claim  '*  1!)  above''  has  been 
|)i'osi)ectc(l.  but  dor^  not  >ecm  to  carry  xalues  above  its  mouth.  AloiiiZ 
Crooked  Creek  for  a  distance  of  '2  niile>  the  ci'cek  was  worked  almost 
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of  the  main-stream  gravels.  Practically  every  one  of  the  bonanzas 
of  Ophir  Creek  has  occurred  at  the  junction  of  a  side  stream.  The 
recognition  of  this  feature,  which  prevails  also  on  many  other 
streams,  should  be  of  some  assistance  in  prospecting  undeveloped 
regions. 

NIUKLUK  RIVER. 

Above  Ophir  Creek  on  the  Niukluk  very  little  work  has  been  in 
progress  in  1906.  The  placers  on  Richter  Creek,  the  first  tributary 
from  the  west,  seem  to  be  nearly  exhausted.  On  the  broad  bench 
below  the  junction  of  Camp  Creek  and  the  Niukluk  a  company  has 
been  engaged  in  working  gravels  by  means  of  a  shaft  40  feet  deep. 
The  section  of  this  shaft  is  as  follows : 

Section  <m  bench  below  junction  of  Camp  Creek  an^l  Niukluk  Rive?-, 

Ft.      In. 

Tundra 2 

Pure  ice 10 

Sand  and  ice 1.^) 

Roelc  fragments,  etc.;  niucli  mica 2 

Sand  and  Ice 1 

Frozen  frravel 12 

Owing  to  the  ice  and  frozen  ground,  much  difficulty  has  l)oen  ex- 
perienced in  maintaining  the  shaft.  Water  is  not  easily  available  at 
the  mine.  This  property  has  evidently  l)een  developed  to  meet  the 
increasing  demand  for  winter  work  in  the  vicinity  of  Council,  and  is 
to  be  regarded  in  its  present  state  as  little  more  than  a  method  of  pros- 
pecting the  gravels  of  the  benches  along  the  Niukluk. 

On  Elkhom  Creek  a  little  desultory  work  has  been  in  progress 
during  the  summer,  but  at  the  end  of  September  none  of  the  proper- 
ties were  in  operation.  The  largest  amount  of  work  has  been  done 
near  the  mouth,  where  the  section  was  as  follows: 

fieetion  near  mouth  of  Elkhom  Creek. 

Fpot. 

Tundra 2 

Clay  or  muck 4 

Sands  and  gravels 4 

The  lowest  member  showed  considerable  cross-l)edding  in  the  sands 
associated  with  the  gravels,  thus  indicating  the  variable  character  of 
the  water  by  which  they  were  deposited.  Numerous  pieces  of  wood 
in  a  more  or  less  decomposed  condition  were  found  in  the  gravels. 
The  surface  form  and  internal  structure  of  the  deposit  at  this  point 
suggest  that  it  is  an  alhivial  fan  of  Elkhorn  Creek  rather  than  part  of 
the  flood  plain  of  Niukluk  River.  Owing  to  the  absence  of  miners 
from  the  creek,  no  estimate  of  the  production  or  tenor  of  the  gravels 
could  be  obtained. 
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One-luilf  mile  souiUcust  nf  Post  t>wk»  u  iribuUiry  of  the*  Niukluk 
hxmt  liic  uortli.  n  ({Uiirtz  Vi*in  nii-ryiiig  ji^^tjld  iias  i^^'cvntly  Imhhi  lot'nleiL 
Thk  veiu  (jccnu^s  at  Uic  cunluct  c»f  >.clusi  nml  lime^ttmo  and  i^  uhiHd 
8  feet  in  width*  Arconliri^  tn  ivptut?*,  it  shows  roimidenible  fi\*e 
gold,  and  the  valnvN  obtained  tsy  rj-ushing  ami  panning  are  fi'uni^ 
25  to  75  oentJi  a  pan.  If  thi*^^  *igurL*s  are  reliable,  the  vein  sbunlil^ 
rnn  nearly  $H5  to  the  ton*  This  vein  serve?^  as  nne  more  indication  of 
the  origin  of  the  gold  in  iiiini'mlixed  zones  near  the  contact  of  the 
liineHtune  and  schists. 

CASADEPAGA   RJVTSR, 


The  mof^t  important  development  in  tlw  Ca^adepaga  ba^in  was  the 
extenj^ion  of  the  Conneil  City  and  Solomon  Kiver  Ksiihvay  io  the 

nM*nlh  of  IViielope  Oivk.    Tliis  pllt^  ihe  district  into  cIum*  i-onnnuni* 
ealion  witli  the  ocean  transport  at  ion  routes. 

Work  along  the  Canadepaga  jm  IPOfi  set^mcd  to  lie  i^arrietl  on  more 
by  prospectors  tlnui  by  jictivc  settled  comjMUJics,  so  that  the  prodiic- 
ti*«i  woidd  In"  smalh  In  the  lower  (loin's**  of  the  river^  i\r^  fur  nn 
Bimauza  Creek,  no  mining  Imn  been  in  i>i*tjg;re*ftr-  Near  Bonanza 
Creek  two  earnjis  have  Immmi  estjiblislied  to  work  low-U^ndi  grtivrlV 
of  the  C*asadepaga,  bnt  nf<  thes^e  ramps  t^mployed  only  frojn  I  wo  to 
fivi'  men  nol  nmeh  work  lias  l^eeii  conipleted  A  litlle  work  ha^i  alj^> 
t>een  done  on  Bonan2:a  Creek,  but  it  was  not  visited. 

Fr'oiii  ItonNh/ji  ('n^Ov  In  Pr]n'ln]>c  rr<Tk  I  fir  riv'iT  ^i:"!^lI  vid-  ]\:\\o 
Im'cii  extensively  prospected  (hirinir  ihe  sinnnier  by  a  drill  witli  a 
crew  of  -i.\  men.  w  ilh  a  \ie\\  to  deleriuine  wliethei*  a  dredije  eouM  ])c 
installed.  No  statement  as  to  the  resnlt>  of  thi>  work  can  yet  lu' 
made.  ( )ne  pecnliar  t'ealnre  note(|  in  drilliiii*;  Ix'low  the  month  of 
Penelope  Creek  wa>  that  on  certain  of  the  i"iver  bars  o-old  occnr>  on 
the  -ni'face  Mild  not  on  bed  rock.  Thei-e  i-^  no  false  bed  I'ock  of  clay 
Ml  (he-e  plac<'-..  nnd  the  surface  concent ral  ion  i->  due  to  the  wa-hiiiL'" 
away  of  the  i^raxcis  of  the  l)ai">  diirinii"  periocU  of  lloo(L  the  j)articl<'- 
of  li'old  j)i"e\ion^ly  contained  in  the  ;jra\«'l<  heinii*  hd't  behind.  On 
liiji'  l''oiii'  Cr<M'k.  a  Irihiitary  of  the  ( 'a<adej)aiia  from  the  -oiilli 
helwcen  l)onan/a  and  l^'^lel(^|)e  ci'eeks.  the  snmmei*  of  IDOC.  >a\\  only 
a-^e^^meiil  work.  On  IVirch  ('reek,  which  (lows  into  l>iir  r'onr  Creek 
about  T)  mile>  alK)\o  the  ( 'a^adepai^a.  two  c;imp^  ha\'e  beiMi  eiiiraiZ'ed 
in  W(H-k'iii<i*  creek  i:ra\('l-  hclow  Shea  ('reek.  At  l)i.\on  Ci'eek.  i!  iiiile^ 
:ib()\'e  IWix  Vnwv  Creek  oil  the  Ca -a<  lepai::! .  (here  ha^  been  some  devel- 
opment work.  The  bed  rock  at*  thi-  place  i-  ^chi^t  and  limestime.  the 
creek  appeariiiii-  to  follow  \\\i'  contiK-t  more  i^r  le-s  closely.  As  llii> 
contact    i--  in   many  other  pkace-  ihe  -c:il    of  minei-alizat  ion,  it    would 
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Penelope  Creek  is  now  the  tenninns  of  the  Council  City  and  Solo- 
mon River  Railroad,  and  by  this  line  is  about  82  miles  from  Solouion. 
There  have  been  only  two  camps  on  this  creek,  one  near  the  mouth 
and  one  about  a  mile  above.  The  upper  camp  has  been  the  most 
active  this  summer.  Four  men  liave  been  emj^loyed,  and  the  <^ravel 
has  been  handled  by  horse  scrapers.  A  short  ditch  has  been  con- 
structed at  a  low  level,  but,  as  in  other  jjarts  of  the  peninsula,  consid- 
erable difficulty  has  been  experienced  from  lack  of  water. 

On  Goose  Creek  only  tw^o  men  have  l)een  mining  this  summer,  and, 
according  to  local  reports,  not  much  more  than  wages  has  been  pro- 
duced. Three-fourths  of  a  mile  above  Goose  Creek  a  broad  bench 
of  gravels  trenched  by  the  Casadepaga  shows  good  values.  ^lining 
in  this  flat,  however,  has  been  inactive  j^ending  the  completion  of 
a  ditch  from  Moonlight  Creek.     (See  p.  266.) 

Xo  mining  except  assessment  work  was  done  in  1906  on  Canyon 
Creek.  On  Banner  Creek  also  work  was  practically  at  a  stancLstill. 
It  is  reported  that  all  the  gravels  on  the  latter  creek  have  been  turned 
over  and  that  the  only  values  left  are  those  that  have  been  lost  by  the 
l)rimitive  methods  in  vogue  when  the  creek  was  first  worked.  Cer- 
tain claims,  however,  are  held  by  annual  assessment  work,  though 
they  seldom  yield  more  than  wages. 

Willow  Creek,  which  is  noted  on  certain  of  the  Survey  maps  as 
Ijeft  Fork,  is  now  known  as  Lower  Willow,  in  order  to  distinguish 
it  from  Upper  Willow  Creek,  also  a  tributar}^  of  the  Casadepaga. 
Upper  Willow^  Creek  enters  the  river  from  the  south  about  a  mile 
west  of  Johnson  Creek;  Lower  Willow  Creek  has  its  mouth  nearly 
opposite  Ruby  Creek.  At  the  mouth  of  Lower  Willow  Creek  t\y) 
men  have  been  mining  all  summer.  A  mile  above  the  mouth  two 
men  have  been  at  work,  but  have  been  much  hauipered  by  lack  of 
water.  A  mile  above  Wilson  Creek  two  men  have  been  doing  sonu* 
work,  but  operations  were  suspended  late  in  the  season  to  allow  the 
installation  of  a  California  grizzly.  About  1^  miles  above  AVilson 
Creek  two  men  had  been  employed  all  summer.  They  stated,  how- 
ever, that  the  claim  had  been  previously  worked  out  and  that  their 
operations  this  summer  consisted  merely  in  saving  some  of  the  values 
that  had  been  lost  in  the  earlier  mining.  A  short  ditch  at  a  low  level 
takes  water  from  the  upper  part  of  the  creek  and  carries  it  to  the  dis- 
covery claims,  a  distance  of  about  2  miles.  The  geolog}^  of  the  region 
at  the  mouth  of  Wilson  (Yeek  is  complex,  the  bed  rock  consisting  of 
limestone  and  chloritic  and  graphitic  schists.  The  gold  of  this  part 
of  the  stream  hjts  probably  been  derived  from  a  near-by  source.  Min- 
eralization is  evident  in  at  least  two  places  at  the  schist  and  limestone 
contacts  on  the  south  side  of  Lower  Willow  Creek.  At  one  point 
sulphides  were  recognized  in  a  (piartz  vein,  and  numerous  copper 
stains  on  weathered  vein  stuff  were  found  on  the  sunnnit  of  the  divide 
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}M>twiH?M  IjOwi>r  Willow  Crof^k  and  the  Oasad(*paga  nmr  the  hom\  of 
l^tuniiJgiui  Creek. 

On  Ruby  Cn?t*k  two  partios  hav^e  lieeii  at  work  during  the  stimmer, 
but  the  orwk  is  now  eKhHUHted*  It  is  said  that  the  vahies  have  been 
mon^  roinpletely  exh«u&?ted  from  the  graved  of  thi^  treek  than  from 
tiny  other  sti'eani  in  the  Canadepaga  drainagi;,  so  that  rew^orking  these 
yi"»iv<ds  in  the  future  will  not  be  remiinenitive. 

On  Moonlight  Oeek  the  main  activity  during  the  last  tw^o  years 
has  consisted  in  ditch  building.  This  creek  headji  in  a  series  of  bare 
liniestoue  hills  with  steep  slopes,  so  thiit  the  run-off  is  high.  The  ditch 
has  an  iifctidce  at  au  elevation  of  about  500  feet.  It  is  proposed  to 
carry  the  diteh  across  Canyon  Creek  to  the  broad  bench  of  Casade- 
paga  River  about  tJiree- fourths  of  a  mile  southwest  of  Goose  Creek, 
Tlie  supply  from  Moonlight  Creek  will  \y^  augmented  from  tTp|>er 
Willow*  Creek  by  a  ditch  line  that  delivers  water  to  the  ditch  at  Moon- 
light Creek  at  an  elevation  of  500  feet*  It  is  estinuHed  that  the  ditch 
will  have  au  average  delivery  of  1,500  to  2,000  inches. 

An  eighth  of  a  mile  lie  low  the  junction  of  Moonlight  Cre^k  and 
Casadepaga  River  then^  han  lieen  simje  slight  exploration  of  the  bench  A 
gravels  that  occur  a  few  feel  above  the  level  of  the  river.  The  " 
gi*ave]s  seem  to  be  typical  river  gravels,  but  the  floor  npon  which  they 
rcst  is  rather  uneven.  Old  channels  in  this  district  have  lxH?n  i*e- 
ported,  but  the  rumors  could  not  Im^  inveistiguted.  There  have  been 
no  uiining  operations  during  the  Inst  season  on  tlie  Casadepaga  above 
Moonlight  Creek. 

KIM  Z(;AMKPA    KIVKR    J5ASIX. 

GENERAL   DESCRIPTION. 

KnizganH'|)a  Ivixcr"  lias  its  source  in  Salmon  Lake,  wliicli  lies  in 
a  broad  valley  at  the  southern  base  of  the  Kigluaik  Mountains.  It 
Mows  lo  the  northeast  and,  sweeping  ai'ound  the  east  end  of  tlie  range, 
ri^aehes  the  liead  of  Inniruk'  Hasin  by  a  noi'thwesterly  course. 

The  geoh)gy  (conij)ai'e  the  geologic  ma]),  PI.  X,  in  })ocket)  in 
this  hasin  allords  considerable  \ai'iety.  The  core  of  tlie  mountains 
is  made  uj)  of  massive  granite,  associated  witli  ci'Vstaliine  limestone 
and  schists.  Above,  a  formation  correlated  with  the  (juartzites  of 
the  Ku/itrin  consists  of  sc]iist>  and  graywacke  c-arrying  nnicli 
gi-ai)hile.  Tliis  formation  is  ox'erlain  l)y  the  NOme  group.  inclndiiiL^ 
a  great  thickness  of  flaggy  limestones  and  calcareous  -chists  corre- 
hited  with  the  Port  Clarence  limestone.  I'he  rocks  resiMnblo  those 
which    in    other    ])laces    pi'oduce    place!"  gohh  and   in  many  localities 


' 'riio  dralna^'f  l»asin  ol"  tin-  uppor  Knr/^iaincpa  was  ilrst   (>r;;auiz(Hl  as  the  Golden  Gate 
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show  evidence  of  mineralization.  Large  quartz  veins  are  abundant, 
and  some  of  them  carry  gold,  though  probably  none  have  been  proved 
to  contain  commercial  values.  Two  specimens  taken  from  large  veins 
near  the  east  end  of  the  Kigluaik  Mountains  were  found  on  assay  to 
contain  traces  of  gold  and  silver,  but  a  specimen  from  a  large  mass 
of  quartz  near  the  mouth  of  Slate  Creek  contained  neither.  A  large 
ledge  said  to  outcrop  near  the  mouth  of  Iron  Creek  is  heavily  miner- 
alized with  iron  and  copper  pyrites  and  specimens  are  reported  to 
assay  well  in  gold  and  silver;  the  deposit,  however,  has  not  been 
examined  by  members  of  the  United  States  Geological  Survey. 

Kruzgamepa  River  flows  in  a  broad  gravel-filled  valley.  Above 
the  mouth  of  Iron  Creek  broad  gravel  terraces  occur  on  both  sides 
of  the  stream  about  50  feet  above  the  water.  Much  of  the  gravel,  as 
has  been  explained  elsewhere  (p^  94) ,  was  contributed  by  glaciers  that 
flowed  from  the  Kigluaik  Mountains  and  probably  does  not  contain 
placers  of  value.  What  little  prospecting  has  been  done  has  not  led 
to  encouraging  results,  though  colors  of  gold  are  widely  distributed 
throughout  the  Kruzgamepa  basin,  and  it  is  quite  possible  that  with 
a  reduction  in  cost  of  transportation  many  of  the  low-grade  aurifer- 
ous gravels  may  be  mined  at  a  profit.  Iron  Creek,  the  largest  eastern 
tributary  of  the  Kruzgamepa  and  the  most  important  from  the  stand- 
point of  mining,  is  described  on  pages  329-336  by  P.  S.  Smith. 

WILLOW   AND   SLATE   CREEKS. 

Willow  Creek,  which  is  about  3  miles  long,  joins  the  Kruzgamepa 
from  the  south  about  8  miles  above  Iron  Creek.  Near  its  mouth  this 
stream  flows  through  a  small  rock  canyon  about  50  feet  deep,  above 
which  is  a  bench  on  either  side  covered  with  gravel.  This  bench  rep- 
resents an  old  valley  floor  into  which  the  stream  has  cut  its  present 
valley.  The  bed  rock  consists  of  limestones  with  interbedded  quartz 
schists  of  sedimentary  origin  and  with  intruded  greenstones.  The 
strikes  are  almost  directly  across  the  course  of  the  stream  and  the 
dips  upstream.  Gold  has  been  found  on  this  creek,  and  pans  from 
l)ed  rock  have  yielded  as  high  as  25  cents.  The  gravel  deposits  on 
the  bench  are  of  the  same  character  as  those  in  the  stream,  and  there- 
fore probably  carry  gold.  During  the  dry  months  the  creek  would 
probably  not  afford  a  sluice  head  of  water. 

Slate  Creek,  which  is  about  2  miles  long,  joins  the  Kruzgamepa 
from  the  south  2  miles  above  Willow  Creek.  The  character  of  the  bed 
rock  is  the  same  as  that  of  Willow  Creek.  Twenty-five  cents  to  the 
pan  has  been  obtained.  The  gold  from  both  streams  is  bright  colored 
and  flat. 

Both  of  these  creeks  have  been  worked  to  some  extent  every  season 
since  1901,  and  some  gold  has  l>een  produced,  though  probably  not 
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more  tlitin  n  few  UKinstinJ  ilnlhirs  in  alL    A  lugli  t^ruvd  hondi  on  itiiF 
c»rthi  j^iciv  uf  Uit^  Krux^amejia,  l)Hwo(ui  Slate  uiid  AVilluAV  cn*cks,  win 
pro^^jK*etiHl  in  1S)()4  by  h  company  propoi^ing  to  bring  water  (orhydmu- 
lickin^  from  SahiFOTi  \Aiki\    Colors  of  ^oltl  hit  irpoi'teil  to  \\\\vt*  Irh^h 
fouml,  but  the  I'L^ii^ult.s  of  the  prospei-ting  ij[>enitHHLs  ;ire  not  knowu- 

POUT    (  LAim^CK    PKECINCT, 
INTRODUCTION, 

•J1u*  Port  Clarence  iii'f*<nnet  t^iubi'areH  thc^  Wf^at  (*nd  of  So  ware] 
PeniuHiila,  It  i^  bouadetl  on  the  easit  (^mh^  Kg*  2.  p*  42)  by  a  f^itinouH 
Una*  ru  lining  first  nurtliwanl.  theji  a  round  tlio  basin  of  Agiapnk 
River  along  th«*  ilintL.'  that  s*«pii rates  that  basin  from  sttvunis 
flowing  into  (tooilho|x>  Bay,  and  then  ttu^iinf?  northw^anl  an<l 
reaoliing  tiie  Arctic  Ocean  at  the  west  eiKl  of  Sliishinnref  In  id.  On 
the  n  o  J' 1 1 1  am]  w  t*.st  1 1 1  e  p  rt*t  ■  i  n  et  i  s  bo  1 1  n  tied  1  >y  t  h  f*  A  ret  i  c  ( )ee  an,  and 
i*n  the  sonth  hy  tlie  Hitiinnitn  iif  the  KLglnaik  Mountains*  Ueeordinia: 
i>ffieeK  htive  been  establi.^hed  both  at  York,  nein-  the  west  end  of  th*^ 
[ji-eeioet,  and  tit  TeUtn%  on  Poil  Ciarenee,  bnl  tlic*  furinei-  oftuv  i^  now 
*  I  ist^on  tinned. 

Within  tliLs  aix?a,  which  embrace.H  alHint  2J00()  Bqiiare  niilefl,  are  ex- 
tensive gravel- covered  lowlands  and  flat-top|A'd  iiphuKK  (St^  topu* 
graphic  map,  PL  IX,"  pocket.)  Tfie  nphinds  are  clearly  erosional 
^iriffirc^  tliJit  liMvc  l)ccn  niiliftrd  nrnl  dis^tv'tcd.  Tlirv  do  not  :rll  i rep- 
resent the  saiue  epocli  of  erosion,  bnt  indicate  a  snccession  of  cyclo 
(»r  il('iir:i<lal  ion  that  haxc  been  scpai'ated  by  ixM'iods  of  n])Iif(.''  Tlic 
inlciNals  of  erosion  are  marked  in  the  j)resent  to|)oii:raphy  l)y  pla- 
(eaii^.  beiicho,  and  i)lains  >tandin<r  at  ditTei'ent  ahitn<les.  T\\r  o-old- 
iteariiio-  L;ra\«'ls  ha\('  l)een  deposited  since  tlie  yonnirest  ol"  tlie^e  f'ea- 
1  iirc^  w  ei"e   I'ornied. 

The  enlire  strat  ia"i'a])hi('  snccession  of  Seward  Pcninsnla.  alr(»a*]v 
prcx'nled  in  the  acconnt  of  the  i:-("oh)e;y  ( j).  (U)),  is  foinid  in  tlie  PoU 
('hircnce  precinct.  (See  ii('oh)i:-ic  map.  PI.  XI.  j)ock'et.)  To  ihc 
-oiilh  ihe  Kiiihiaik  ni)lift  has  bronifht  to  the  sni-face  the  limesionc^. 
ciyslaHine  schists,  and  intiaKh'd  i^-ranites.  here  called  the  Kiii-Jiiaik 
LToMp.  North  of  these  and  forming"  the  IhmI  rock  of  the  peninsula. 
Ix'lwcen  Innirnk  Hasin  and  Port  ('lai'cnce.  are  the  schists  and  linie- 
-loiie-  of  the  Nome  eronp.  These  rocivs  stretch  foi*  abont  10  mile- 
north  of  (iranlley  Ilarboi'  to  the  i-eiiion  whei'e  they  pass  nndeiMieath 
1  he  hea\y  limestones,  here  termed  Port  Clarence.  To  the  west  (hi- 
limestone  is  succeeded  by  Devonian  {()  slates,  and  these  in  turn  wl 
ihe  apex  of  the  |)eninsula  by  a  ( 'arboni  fei-ons  (  {)   limeston(\      IiHru- 
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sives  are  common  throughout  the  district,  with  two  dominant  typos — 
a  granite,  which  occurs  in  large  stocks,  and  a  green  basic  rock,  here 
termed  greenstone,  which  occurs  both  as  stocks  and  dikes.  The 
Quaternary  is  represented  by  gravel  deposits  mantling  the  extensive 
lowlands  that  fringe  the  Arctic  coast  and  form  inland  basins,  and  also 
by  gravels  of  the  present  stream  beds.  Some  of  the  terraces  and 
plateau  remnants  are  covered  with  thin  layers  of  gravels,  but  high- 
bench  deposits  are  relatively  rare  in  this  part  of  the  peninsula.  A  few 
small  areas  of  recent  lavas  occur  north  of  Port  Clarence  and  form 
outliers  of  the  more  extensive  extrusives  found  to  the  east.  Though 
few  details  are  known,  the  bed-rock  structures  in  general  trend  north- 
eastward, and  the  folding  is  open.  Variation  from  this  type  occurs 
along  the  margins  of  the  intruded  stocks. 

Placer  gold  here,  as  in  other  parts  of  the  peninsula,  appears  to  be 
confined  to  the  areas  of  mica  schists  and  limestones  belonging  to 
the  Nome  group,  which  are  more  metamorphosed  than  any  of  the 
younger  terranes,  but  less  so  than  their  equivalents  to  the  east  and 
south.  The  slates  carry  some  gold,  but  the  placers  derived  from 
ihem  appear  to  be  of  no  great  commercial  importance.  The  Port 
Clarence  limestone  is  not  a  gold-bearing  formation  and  the  areas  in 
which  it  forms  the  country  rock  should  not  attract  the  placer  miner. 
Along  the  margins  of  some  of  the  granite  masses  cutting  this  lime- 
stone mineralization  has  taken  place  in  the  form  of  veins  carrying 
cassiterite,  galena,  etc.  An  account  of  these  occurrences  has  been 
given  by  Collier.® 

It  was  probably  in  1898  that  the  first  prospectors  visited  this  region, 
but  they  confined  their  attention  to  the  Agiapuk  basin,  where  they 
found  no  workable  placers.  In  the  following  year  ^  auriferous  gravels 
were  discovered  in  Buhner  Creek,  a  tributary  of  Anikovik  River,  in 
what  was  then  organized  as  the  York  recording  district.  A  little 
gold  has  been  taken  out  in  the  York  region,  but  it  has  now  l)een 
practically  abandoned  as  a  gold  placer  district,  though  it  is  growing  in 
importance  as  a  tin  producer.  Practically  all  the  gold-producing 
cn^eks  are  confined  to  the  Bluestone  and  Agiapuk  basins,  except  a  few 
tributary  to  Grantley  Harbor.  The  district  has  not  been  a  large  pro- 
ducer, the  entire  output  up  to  1903  being  estimated  at  $200,000.  With 
the  introduction  of  better  mining  methods,  no  doubt  many  mining 
enterprises  now  abandoned  will  be  revived  and  can  be  made  to  yield 
an  adequate  return. 

Teller,  located  on  a  spit  between  Grantley  Harbor  and  Port  Clar- 
ence, is  the  recording  office,  the  seat  of  a  oommissioner,  and  a  general 

•  CoIHer,  A.  J.,  Tin  deposltR  of  the  York  region,  Alaska :  Bull.  U.  S.  Geol.  Survey  No. 
229,  1904. 

*  Brooks,  A.  H.,  Richardfton.  G.  B..  and  Collier,  A.  J..  Reconnaissances  in  tlio  Cape 
Nome  and  Norton  Bay  rejirions,  Alaska,  In  1900,  a  special  publication  of  the  U.  S. 
Geol.  SuTtef,  1901,  p.  137. 


Biipply  point.  It  vra^  foiindeil  in  1000,  whon  the  Blue?^tOTie  placers, 
15  miles  to  the  south,  were  distujvered  A  town  named  Bering,  on  the 
shoiT  (if  Port  Chin^nt^s  ri  miles  i^uth  of  Toller,  was  tlie  tir^^t  i^ttle- 
ment,  hut  the  newt^r  town  of  Teller  drew  it^  people  from  it.  The  lat- 
ter town,  which,  during  the  bixnn  of  1000,  hud  over  LOGO  inhabitants, 
now  has  not  iiver  lOO. 

Port  Clarence,  the  best  harbor  along  the  entire  coast  line  of  the 
ptndnsida,  alfords  shelter  to  deep-sea  vesHel^,  hut  storms  coming]:  from 
different  directions  refjnire  changers  of  anchonige.  Large  vessels  can 
iinchor  within  about  a  mile  of  Teller.  Grantley  Harbor,  almost  land* 
locked,  can  be  entered  by  vessels  drawing  not  mom  than  12  feet  of 
water. 


I 


CHEEKS  TRIBUTARY  TO  GRANTLEY   HARBOR  FROM  THE  NORTH. 


Several  small  streiinis  rising  in  the  plateau  an  which  Mukacluirni 
Mountain  stands  and  flowing  southward  into  Grantley  Harbor  are 
all  within  a  few  miles  of  Teller  and  ensily  aece^ssible*  Prospects  were 
foinul  here  in  1000,  and  mining  has  been  done  each  year  since,  but  no 
very  rich  plati^rs  have  yet  been  developerl  and  the  amount  of  gold 
]Hx>dueed  ha,';  Ijeen  smalL  In  1903  very  little  mining  was  done  on  any 
of  these  streams. 

In  geneiali  the  bed  rock  can  be  described  as  a  succession  of  chlo- 
ritic  mica  schists  and  interbedded  limestones  containing  some 
intrusive  «rreenst()nc  and  small  veins  and  stringers  of  quartz. 

All  those  creeks  have  the  same  general  features.  Thev  head  in 
the  u])lan(l.  which  they  traverse  through  rather  narrow  valleys  nni- 
11  in^-  nearly  north  and  south.  Helow.  they  cross  the  coastal  jdaiu, 
made  wp  of  silts  and  gravels,  in  which  they  have  trenched  shallow 
channels.  1^'ioni  west  lo  (Mist  tliese  streams  are  l^ay.  Sunset.  lfrh><>. 
I  )e\vey.  McKinl(\v.  and  Oflield  creeks.  On  all  of  them  except  Bay 
('reek.  Avhich  has  not  heen  very  carefully  i)r()si)ected.  the  stream 
Ln'Mvels  are  known  to  he  auriferous,  and  Sunset,  T^loo,  and  Ottield 
cn^eks  ha\('  yielded  a  small  <rold  out})Ut. 

Some  mininir  has  heen  done  on  Suns(>t  Creek  since  1001,  ajul  the 
workin<rs  have  heen  hrieily  described  in  a  ])revi{)us  report.'^  The  creek 
i^  al)out  r»  miles  in  leuiith.  For  sev(M"al  mihvs  from  its  mouth  the  l)ed 
is  :d)out  TOO  iVet  wide,  hul  the  i)ay  is  in  i»-eneral  confined  to  narrower 
channels.  At  one  ])lace  tlu'ee  such  channids  are  reported.  The  woi'k- 
in<>'s  about  ')  miles  from  the  coast  show  fi'om  'J  to  7  feet  of  rather  line 
Liravel  o\'erlyin^^  the  l)ed  rock.  The  aold  is  found  both  in  the  gravel 
and  lo  a  depth  oi  about  1  foot  in  the  crevices  of  the  bed  I'ock. 
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The  gold,  most  of  which  is  more  or  less  iron  stained,  is  coarse  and 
rough  in  the  upper  claims  and  finer  and  smoother  toward  the  mouth 
of  the  creek.  The  largest  nuggets  are  worth  about  $4.  A  few  well- 
formed  crystals  of  spinel  have  been  foimd  in  the  concentrates. 

No  work  was  done  in  1903  on  Igloo,  Dewey,  and  McKinley  creeks. 
A  small  force  of  men  worked  during  part  of  that  summer  on  Offield 
Creek,  9  miles  from  Teller,  but  no  estimate  has  been  obtained  as  to  the 
amount  of  gold  produced.  It  is  known  that  in  two  of  these  creeks 
there  are  deposits  of  gold-bearing  gravels  of  commercial  value, 
though  no  exact  estimate  of  their  gold  content  is  available.  It  is 
probably  true,  as  reported,  that  with  economical  methods  of  handling 
the  gravels  all  these  creeks  could  be  made  to  pay.  A  large  ditch  27 
miles  long  to  bring  water  from  Agiapuk  and  California  rivers  was 
under  construction  in  1904.  These  rivers  carry  an  abundance  of 
water,  which  can  probably  be  brought  to  Sunset  Creek  at  an  elevation 
of  250  to  300  feet  above  the  sea.  It  is  proposed  to  work  the  gravels 
of  Sunset  Creek  by  hydraulicking  and  elevating  the  tailings. 

AGIAPUK  RIVER  BASIN. 
INTRODUCTION. 

Agiapuk  River,  which  drains  an  area  of  700  to  800  square  miles, 
empties  into  the  north  side  of  Imuruk  Basin  24  miles  from  Teller. 
Its  headwaters  are  about  35  miles  from  tidewater.  About  20  miles 
north  of  its  mouth  the  river  forks ;  the  western  branch,  which  is  the 
smaller  of  the  two,  retains  the  name  Agiapuk,  and  the  northern 
branch  is  called  American  River. 

Being  easy  of  access  and  supporting  a  large  Eskimo  population, 
tlie  Agiapuk  was  one  of  the  first  streams  of  Seward  Peninsula  to 
receive  attention  from  prospectors,  but  up  to  the  present  time  no  rich 
or  extensive  deposits  of  auriferous  gravels  have  been  discovered  in 
its  basin.  Colors  of  gold  have  been  found  in  many  of  its  tributaries 
and  nearly  all  of  them  have  been  staked  and  prospected.  Small 
amounts  of  gold  have  been  produced  on  AUene  Creek,  a  southern 
tributary  of  the  western  branch  of  the  river  and  on  Lawson  Creek, 
a  tributary  of  American  River. 

In  general  the  rocks  of  the  Agiapuk  basin  are  less  metamorphosed 
than  the  gold-bearing  rocks  in  other  parts  of  the  peninsula.  They 
consist  mainly  of  Silurian  limestones  that  are  regarded  as  equivalent 
to  the  Port  Clarence  member  of  the  Nome  gi'oup  and  generally  have 
not  been  so  productive  of  gold  as  the  lower  members  of  that  group. 
United  States  Greological  Survey  parties  traversed  part  of  the  Agia- 
puk basin  in  1901,  and  again  visited  the  region  in  1903,  but  very  few 
prospectors  were  seen  on  either  trip,  though  prospect  holes,  claim 
stakes,  and  Qth^  ^vid^nces  of  white  men  were  everywhere  abundant. 


A  somowhni  d^taibd  tleHrription  of  many  of  tlie  trihiitnrleR  of  the 
Agiapnk  ha^  lMM.ni  piihlisliHl  in  a  previoii!^  report^  and  iifM?d  not  be 
n*pcuted*  Tlit*  wt.*sih:Tn  bnuidi  t>f  tht*  river  rinoir^  in  the  lime^tonB  hills 
Hl>oiit  25  milesi  north  of  Grant  ley  Harbon  and  flows  southward  to 
a  point  within  10  niikw  of  that  (iKH>or,  thc^nce  eastward  to  its  jnnetion 
with  Anieri(*an  Rivor*  Through  the  east -west  part  of  its  coiirs**  il 
drains  a  broad,  graveUfilltHl  lowland,  but  about  the  headwaters  the 
valleys  are  narrower  and  the  grovel  depoBtts  are  of  j^niall  extent. 

St*veral  trtlrntarie^  whieh  enter  ihst  Agiapuk  from  the  mnth  within 
10  miles  of  (rrant ley  Harbor  have  yielded  colors  of  gold,  but  only 
one  of  thejn  ha^i  bcten  worked. 


AI^EXK    C'ltEKK. 


Allene  Cf«>ek  heads  within  4  miles  of  Grant  ley  Harbor  an<]  flowti 
noHbwiinl  into  North  Creek,  ti-ibtitary  to  tlie  Afxia|jnk*  Its  eom- 
l>arativp!y  broad  valley  ih  earved  out  of  the  plateau  on  which  Muka* 
charni  Moinitain  stands.  1 

When  visited  in  Septemlier,  IDOL  only  one  claim  wan  in  operation^ 
iilthougti  sojiteitiinin^  had  I>een  dune  on  several  others*  The  pay  dirt 
wan  confined  to  the  creek  bed  and  rested  upon  a  clay  foundation, 
below  which  the  true  IkhI  rtK*k  had  not  l>een  reached. 

A  pn^pect  hole  about  halfway  up  tlie  creek  in  ^^aid  to  have  b«en 
Htink  n5  feet  without  rea(*hinfr  Wd  rm'k*  This  Fihaff  showed  jjravel 
at  the  top.  l)elow  which  there  was  blue  clay  containiniJ:  bark  and 
drill \\()()(1.  Th('  L^old  in  AIUmic  (^iv(»k  is  bri<rht,  flaky,  and  not  much 
w  atcrworn.  Ahhoniili  il  is  i»-ciu'rally  fine,  it  includes  a  few  small 
niiiiii'cls.  It  is  reported  that  some  sluieinir  was  done  in  IDOl!  and 
ll>n:;.  Kui  the  prodnclioii  of  tlic  entire  creek  was  probably  not  more 
(han  ^-J.OOU.'^ 

AM  Fan  (AN    RIVEK. 


I 


American  River  I'ises  al)()ut  40  miles  north  of  Orantley  Harbor  an(\ 
(low-,  in  a  we>terly  direction  foi"  V)  miles,  then  turns  and  Hows  nearly 
-Hiithward  t'oi*  'M)  miles  to  its  junction  with  A<i:iapuk  Kiver.     ThrouiiV^ 
(lie  la^t   :')()  miles  of  it^  course  the  stream  flows  in  a  comparative!  :2^' 
broad    lira \('l -tilled    \allev.   in    wliieli    it    meanders   tortuously.      It      ^^ 
n;M  ii!:d)le  for  >mall  l)oat<  and  canoes  for  ;d)out  ')0  miles. 

Tlie  onlv   tributary   re|)()rte(l   to  have   produced  i!:old   in    lOOo   w^    -i^ 
J.aw-oii  Crivk'.  which  join^  American  River  about  '\^)  miles  from  tL  <''' 
\vat(M\     In     1!M)-J.  ^1. ()()()   to  $1. :)()()   in   trold   was  ol)tained    from      i^ 
j)lacei'>.     The  i^old  i>  of  hiii'h  a'rade.  beinir  reported  to  be  worth  ©i'^^ 
an  ounce.      A   lari^-e  (|uarlz  leilo-e    from  wliich  samj)les  assayed  $!i  *'? 
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ton  in  gold  is  reported  to  have  been  discovered  on  Collin  Creek,  a 
tributary  of  Portage  Creek,  which  enters  American  River  from  the 
north.  Neither  of  these  localities  have  been  visited  by  members  of 
the  Geological  Survey  and  the  information  in  regard  to  them  conse- 
quently is  very  scanty. 

BLUESTONE    RIVER    BASIN. 
INTRODUCTION. 

Bluestone  River  flows  into  Tuksuk  Channel,  which  connects  Grant- 
ley  Harbor  with  Imuruk  basin,  about  13  miles  from  Teller.  It 
drains  the  greater  part  of  a  region  lying  between  Grantley  Harbor 
and  Bering  Sea,  usually  referred  to  as  the  Bluestone  region.  This 
area  is  characterized  by  flat-topped  hills  on  which  two  erosion  levels 
can  be  recognized.  The  upper  plateau  encircles  the  west  end  of  the 
Kigluaik  Mountains,  which  rise  rather  abruptly  from  its  surface 
and  attain  elevations  of  3,000  to  4,000  feet.  The  streams  have  cut 
their  valleys  nearly  to  sea  level.  The  very  irregular  drainage  is  due 
to  causes  which  have  not  been  studied  in  detail.  For  about  10  miles 
above  its  mouth  Bluestone  River  traverses  a  rolling  plateau  that 
has  an  elevation  of  400  to  600  feet.  Through  this  j^art  of  its  course 
the  river  valley  is  broad,  and  flood  plains  are  developed  to  a  width, 
in  some  places,  of  half  a  mile  or  more.  Above  this  portion  the 
valley  contracts  and  for  about  5  miles  is  a  steep-walled  canyon  w  ith 
sides  rising  from  the  river  to  flat-topped  mountains  1,200  feet  in 
height.  Above  the  canyon  the  valley  again  broadens  somewhat,  luit 
does  not  expand  into  a  large  flood  plain.  Here  the  river  forks,  the 
eastern  branch  being  known  as  Gold  Run  and  the  western  as  Right 
Fork.  Both  branches  are  characterized  by  very  crooked  courses. 
For  0  miles  above  its  mouth  the  valley  of  Gold  Run  has  a  nearly 
northwest  course,  then  turns  and  has  an  east- west  course  for  0  miles 
to  its  head.  Right  Fork  heads  about  10  miles  farther  west  and  flows 
nearly  due  east  to  its  junction  with  Gold  Run;  it  has  several  large 
tributaries  which  enter  it  nearly  at  right  angles.  Below  the  forks 
Bluestone  River  carries  approximately  3,000  miner's  inches  of  water, 
derived  about  equally  from  the  two  streams.  The  average  gradient 
C3f  the  river  is  about  30  feet  to  the  mile. 

Gold  was  discovered  on  Bluestone  River  early  in  the  summer  of 
1900,  and  mining  operations  have  been  continuous  since  then.  Gold 
Vms  been  produced  on  the  main  river  below  the  forks,  on  Gold  Run 
a.nd  its  tributary,  Alder  Creek,  and  on  Bering  Creek,  a  small  tribu- 
tiary  of  Right  Fork.     Both  stream  and  bench  placers  have  been 
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workt^fL    Tilt'  iv^iun  was  visited  by  Kiiitod  Statas  Geotugicul  Siu"V( 
partiL^s  in  inoO^  mid  in  VM6, 

The  HIiR*sloiic  ba^tn  ctiritHitiB  mica  and  cldorite  schists,  with  bed 
uf  liincstuni.%  sumo  huvhvj:  tfnii>hitic  phages  and  all  l>eloiigitig  to  tin* 
niKliirorentiatini  pail  of  IIm^  Nome  ^'oup.  Tht*sc*  sc'hlslH  contain 
miiiierou.s  intrusive  riiiiss**^  of  gie*^n stone  which  api»ar  luoi-e  c^mj' 
tiiDfity  in  the  fui'in  uf  si  Us  than  an  ilikes.  Gt^nerrtlly  these  ^eenstones 
are  only  slightly  altered,  but  in  a  few  phiees  they  are  i^chistose  iiiul 
are  not  always  distinguishable  in  the  fiehl  from  tiie  sehii^ts  of  setli- 
njeiitary  origin*  Sniall  qnaiHss  veinn^  both  cutting  aiTosis  the  foliation 
and  running  parallel  with  it,  are  connnon  in  the  schists.  Some  of 
the^e  veins  are  reported  to  carry  valuers,  but  as  yet  iioue  of  them  have 
lieen  Hystenuitically  develojK'd.  The  results  obtained  from  thn*o 
assays  of  vein  f]uartz  collcelcd  by  the  (leological  Survey  swtu  to  in* 
dicate  tjiat  these  veiny  are  not  so  eonimonly  auriferous  as  those  of  the 
Nome  rt^gion.  Two  sijeciMieris,  one  from  a  quartz  iKiwklcr  and  an- 
other frnm  a  small  stringer  vein-,  rarried  no  trace  ot  tnther  gold  or 
silver.  A  specimen  taken  from  the  dumj^  of  a  pros|)ect  holt?  isunk  in 
the  bed  rock  of  Alder  Creek  yielded  an  ajisay  i-etnrn  of  O.Oti  ounce  of 
gold  t)nd  a  tract*  of  silver.  The  material  was  soft  and  talco:^  and 
contained  considerable  nearly  white  pyrite*  ■ 

flAR    ASn    UKXril    n.ACKUH. 

Milling  has  been  attempted  at  only  one  locality  on  Bluest  one  River, 
.'ihliouijh  there  are  evidences  of  prosj)ecting  in  many  places.  Exten- 
>ive  pre[)arati()iis  for  mining  were  made  in  11)(K3  at  a  ])oint  about  4 
miles  below  the  forks  of  tlie  river,  to  whicli  the  name  Gilroy  Ava< 
gi\'en.  In  tlie  canyon  gravel  deposits  are  of  small  extent,  but  below 
the  canyon  the  valley  widens  and  alluvium  appears  not  only  in  the 
creek  l)e(L  but  on  low  benches  which  at  no  very  remote  date  were 
probably  flood  ])lains  of  the  ^i^"er. 

l^'onr  miles  below  the  forks  the  river  bed  is  more  than  150  feet  widi' 
and  the  pay  gra\'el  ranges  in  thickness  from  2  to  '20  feet  or  more.  ( )n 
lli(^  left  bank  at  this  place  there  is  a  Hat  about  '_!()  feet  abo\-e  the  i"i\(*i- 
bed  and  n(»arly  half  a  mile  wide.  The  section  along  the  i"iver  bank 
>lio\\  s  10  feet  of  black  schist  bed  rock  underlying  (\  to  7  feet  of  gravel. 
A  series  of  sami)les  taken  across  the  riv(»r  Ijed  are  said  to  hav(*  yielded 
from  '2  cents  to  ^\  to  the  i)an.  This  gravel  can  ])ossil)ly  be  worked 
i)y  an  extensive  system  of  dams,  which  should  turn  the  wat(U-  from 
the  river  bed.  but  prol>ably  never  will  be  on  account  of  the  volume 
of  wat(M'  and  the  occasional  fh)ods.  It  might  also  be  handled  by  some 
form  of  dred<»'(\ 


PORT   CLARENCE    PRECINCT.  275 

In  1003  mining  operations  were  confined  to  the  gravel  deposit  on 
a  bench  that  has  an  area  of  about  ()0  acres.  The  surface  is  nearly 
level  and  deeply  covered  with  moss  and  muck.  A  section  of  the 
gravel  on  this  bench  is  as  follows : 

Section  of  bench  deposits  on  Blitestonc  River, 

Ft.   111. 

Black  uioss  uml  niiiok 0 

Blue  muck li 

Yellow  clay ---.     __ _.    ..-     1     (» 

Bluish  grnvel 4 

Bed  rock :  Graphitic  schist  verj-  much  weathered  at  the  surface. 

The  gravel  is  composed  of  pebbles  of  black  schist  and  white  and 
reddish  vein  quartz;  next  to  the  bed  rock  it  carries  a  considerable 
amount  of  gold,  which  also  extends  into  the  fissures  and  crevices  to 
a  depth  of  about  1  foot.  There  is  a  smaller  amount  of  gold  in  the 
upper  part  of  the  section,  and  the  whole  thickness  of  moss,  muck,  and 
gravel  is  said  to  carry  sufficient  to  pay  for  shoveling  into  the  shiice 
boxes.  Although  most  of  the  gold  is  rather  fine,  it  is  heavy  and 
easily  saved.  The  largest  nugget  found  was  worth  $12.  It  is  j)ro- 
posed  to  bring  water  from  a  small  western  tributary  of  Bluestone 
River,  called  Ruby  Creek,  and  to  sluice  the  gravels  near  the  river 
bank,  dumping  the  tailings  into  the  river.  A  ditch  was  built  for  this 
purpose  about  1  mile  in  length,  but  near  the  middle  of  the  season, 
when  mining  operations  had  well  l)egun,  the  water  from  the  ditch 
penetrated  to  a  layer  of  ground  ice  l>eneath,  which  melted,  undermin- 
ing the  ground  for  a  distance  of  several  hundred  feet.  This  melting 
continued  progressively  and  the  ditch  became  wider  as  the  season 
advanced,  until  finally  it  found  an  outlet  to  Bluestone  River  a  quarter 
of  a  mile  above  the  point  where  the  miners  had  expected  to  use  it. 
As  the  season  was  nearly  spent  and  neither  lumber  for  sluice  boxes 
nor  a  supply  of  canvas  hose  for  carrying  water  across  the  break  could 
lie  obtained,  work  was  necessarily  suspended. 

From  the  showing  made  here  it  sc»enis  probable  that  successful 
mining  can  be  done  over  a  part  at  least,  if  not  all,  of  this  bench, 
either  by  ground  sluicing  or  hydra u licking.  Ruby  Creek  is  a  small 
s^tream,  but  it  is  possible  that  sufficient  water  for  a  small  hydraulic 
plant  could  be  collected  from  several  such  tributaries  on  the  west 
side  of  Bluestone  River.  The  whole  amount  of  gold  produced  dur- 
ing the  summer  of  1903  was  probably  not  more  than  $300,  and  previ- 
ous to  1903  the  yield  has  been  even  less. 

GOLD    RITX. 

Gold  Run,  the  large  eastern  branch  of  the  Bluestone,  has  a  length 
of  about  20  miles,  but  mining  activities  arc  confined  to  the  lower  5 
miles  of  its  course.    The  principal  settlement  of  the  region  is  located 


at  the  mouth  of  Alder  CrcM?k^  aud  is  kiiouii  as  Siillivan.  It  is  reached 
by  ti  xvaff^jTi  rrwid  fruin  1>lk*r,  the  principal  sliipping  point  of  Port 
C1hitiich\  nlmui  18  luilas  distant,  Thi>  road  croKses  the  upland 
plaleiiu  surface,  and  is  very  soft  and  niai'shy  in  many  places.  Al^' 
iAhvv  road  cTOHHt*s  tht*  low  divide  fnim  Gold  Run  to  Tisuk  Creek, 
Uk'ii  follows  iht*  gnivcl  hnvs  in  the  bt-d  of  that  wtroani  to  the  coa&^t  at 
tim  old  Shea  road  hou^,  where  Tit^nk  post-office  is  now  located. 
During  the  suninier  months  stages  run  daily  fi'om  Sullivan  to  lx>tli 
theno  points. 

The  gradient  of  Gold  Run  probably  does  not  exceed  20  feet  to  the 
mile.  Along  the  vaUey  j^Iopes  there  is  a  &^eries  of  benches,  whicli 
toward  the  headwaters  of  the  creek  approacli  the  level  of  the  present 
l)ed,  wliile  near  its  mouth  they  ai'e  about  100  feet  above  it.  Though 
the  valley  is  nearly  straight*  the  immediate  creek  bed,  whicli  lies  in 
a  luirrow  trench  cut  in  an  old  valley  floor,  ha?^  a  nieanderhig  cour^se. 
The  b£?d  rock  of  Gold  Run  consists  of  chlorite  and  mica  schists,  in 
many  places  of  ii  liglit-gi*een  color,  with  calcareoiis  phases  that  grade 
into  limestone  and  graphitic  phases  that  result  in  graphite  schists 
and  black  slates.  Sills  of  giHsenstone  intruded  in  the  schists  aiT 
common.  The  gravels  of  the  creek  bed  contain  many  bowlders  of 
greenstone  and  granite*  which  have  been  derived  from  tlie  Kigluaik 
Mountains  in  some  previous  drainage  epoch.  ■! 

The  plnrer^  of  f  rnhl  Vwm  inr  lude  both  creek  and  bench  deposita 
The  gravels  of  the  creek  bed  liad  an  average  width  of  about  00  feet 
Mild  were  luincMl  for  about  *^  miles.  They  were  richest  in  gold  near 
the  month  of  Alder  Creek,  where  some  small  spots  yielded  more  than 
J^.^o  to  the  cubic  yard,  but  the  average  was  much  less  than  that.  At 
the  mouth  of  (iold  l\un  gold  was  found  in  both  the  run  and  Blue- 
stone  Ri\er. 

In  l'.H)()  Mild  1!>01  the  creek  l)ed  was  mined  for  several  hundred 
feet  mI)o\('  its  mouth  and  about  $L\r)()0  was  produced,  but  the  opera- 
tions were  dillicuU  on  account  of  the  trouble  in  controlling  the  waters 
of  the  stream. 

About  1  niih*  al)o\e  the  mouth  the  gra\el  in  the  creek  bed  is  about 
100  feet  wide  and  2!,  feet  thick.  It  carries  values  through  its  whole 
M  idth.  hut  most  of  the  |)ay  is  found  within  0  inches  of  bed  rock  and 
in  the  bed  rock  to  a  dej)th  of  (>  inches  to  li  feet.  What  is  called  bed 
i(M'k  at  this  phice  consists  of  a  sticky  yellow  clay,  which  forms  a 
layei"  '2  to  '>  feet  tliick  al)o\e  the  schist,  llie  method  of  working 
was  as  follows:  TJie  creek  was  turmvl  to  its  right  bank  by  a  wing 
dam.  and  by  this  uK^ans  the  gi'eater  part  of  the  gravels  of  the  creek 
bed  were  exposed  and  frcH'd  from  water.     Sluice  i)oxes  were  set  with 
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years  ago,  producing  $1,200.  If  Ave  assume  a  depth  of  gravel  of  8 
feet,  this  would  give  about  $8  to  the  cubic  yard. 

The  stream  bed  at  the  mouth  of  Alder  Creek  has  all  been  worked 
out.  This  ground  was  the  scene  of  many  legal  controversies,  and 
before  it  was  exhausted  it  had  changed  hands  a  number  of  times  in 
obedience  to  the  orders  of  the  courts,  passing  from  one  claimant  to 
another.  It  is  impossible  to  tell  the  amount  of  gold  produced, 
though  it  was  probably  not  far  from  $50,000,  which  was  obtained  in 
the  years  1900  to  1902. 

Above  the  mouth  of  Alder  Creek  the  amount  of  gold  produced  on 
Grold  Run  has  probably  not  been  proportionate  to  the  development 
work  that  has  been  done,  although  at  one  time  claims  were  held  for 
fabulous  prices,  and  men  who  are  now  working  for  wages  along  Gold 
Run  could  in  1900  have  sold  their  holdings  at  prices  that  would 
exceed  the  total  production  of  the  whole  region.  Probably  not  more 
than  $10,000  has  been  obtained  from  all  the  workings  on  Gold  Run 
above  Alder  Creek.  About  a  quarter  of  a  mile  above  Alder  Creek 
a  well-defined  pay  streak,  40  feet  wide,  was  found  extending  nearly 
1,500  feet.  At  the  upper  end,  however,  this  pay  streak  apparently 
passed  under  the  left  bank  of  the  creek  and  was  lost.  The  gold  was 
fopnd  on  a  layer  of  clay  above  the  true  bed  rock. 

In  the  course  of  the  prospecting  along  Gold  Run  above  Alder 
Creek  a  number  of  rich  spots  in  the  gravel  were  found  which  pro- 
duced considerable  gold,  but  were  quickly  mined  out.  One  of  these, 
which  was  abandoned  in  1903,  was  at  the  mouth  of  Quartz  Gulch, 
about  4  miles  above  Sullivan.  The  workings  covered  an  area  about 
30  by  100  feet  and  were  5  feet  deep.  No  reliable  reports  of  the 
amount  of  gold  produced  were  obtained.  Although  the  bed  of  Gold 
Run  has  been  prospected  all  the  way  to  its  head,  no  extensive  deposits 
of  gravel  carrying  sufficient  values  to  justify  mining  under  existing 
economic  conditions  have  been  discovered.  The  gravels  generally 
carry  some  gold,  but  in  general  not  enough  to  pay  for  working  with 
rockers;  moreover,  the  necessity  of  extensive  wing  dams  to  drain  the 
creek  bed  and  the  liability  of  the  stream  to  sudden  freshets  that 
destroy  all  dams  make  the  expenses  of  mining  prohibitive. 

At  the  present  time  the  attention  of  prospectors  is  directed  to  the 
benches,  many  of  which  are  conveniently  located  for  economic  min- 
ing. On  the  left  bank  of  the  Bluestone,  opposite  the  mouth  of  (lold 
Run,  gold  has  been  found  in  two  benches,  one  about  10  feet  and  the 
other  60  feet  above  the  present  river  ted.  Ground  sluicing  in  prog- 
ress on  the  lower  bench  showed  a  section  from  the  surface  down  as 
follows:  Muck  and  red-brown  clay,  2  feet;  gravel,  about  5  feet,  rest- 
ing upon  massive  greenstone  bed  rock.  The  bed  rock  on  the  upper 
bench  is  also  massive  greenstone  and  the  excavations  show  gravel 
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from  i\  tos\  inches  to  7  or  %  t^i  tliiok.     It  is  reported  that  on  both] 

(hest^  benches  some  of  the  gold  ih  found  in  fisaui^s  in  the  l>ed  rock. 
On  the  right  Imnk  of  (tohl  Run,  near  its  mouth,  there  are  also  two^ 
Ijenches  iji  which  placer  gold  has  been  found.    One  of  these  is  only 

a  fr>\r  feet  al>ove  the  pre^ient  c*reek  Im^J,  :iiul  was  probably  ff>rnied  asJ 
u  JltMid  phi  ill  in  u  period  not  very  remote.  The  other  Iwnch  is  abunt  j 
UX)  feet  above  the  creek  lied  and  lielongs  to  a  well-defined  system  of] 
iM^nciiei^  that  can  be  Iniccd  for  st^veral  miles  along  the  valley  walRJ 
Several  pros[>e(l  holes  have  iw^en  sunk  on  Ijoth  these  beiichei!^,  showiiigj 
10  to  15  f«6t  of  well-vrashe^d  graveh  T!ie  eittent  of  the  deposits  had ' 
not  been  determined  in  UIOH.  From  pannings  seen  by  the  writer  iM 
Heetns  probable  that  these  grnvids  may  be*  made  to  yield  $6  to  $7  toi 
the  cubic  yard.  Attempts  have  been  made  to  work  them  by  use  of  aj 
j*mflll  stream  of  water  collected  from  melting  snow  on  the  hiUsidQ^I 
above  and  also  by  carrying  gravtds  down  to  the  creek  in  wdieel bar- 
rows, but  the  clauns  are  not  at  present  in  operation  and  can  not  be-] 
worketl  at  a  profit  by  either  of  these  methods. 

A  beTich  2i}  feet  above  the  level  of  the  creek  bed,  above  the  mouth | 
of  Alder  Creek,  probably  also  belongs  to  this  system  of  benches,  Th©'] 
t>ed  rock,  however,  slopes  gradually  from  the  upper  level  of  tlie 
gravels  about  50  feet  above  the  ciNi^ek  down  to  an  escarpment  only  a 
few  feot  rtbovt*  the  b^,  producing  a  hillside  placi^r.  In  13^*03  this  de- 
posit WHS  l)eing  worked  by  means;  of  a  ditch  about  2  miles  lontr*  which 
brought  wat(»r  from  the  upper  part  of  Gold  Run  to  the  hillside  above, 
^iviii<2:  it  an  elevation  a])ove  the  Bliiestone  of  about  50  feet.  By  the 
iix'  of  this  water  the  surface  materials  Avere  first  ground  sluiced  oil', 
aft(M'  which  the  lirax'els  were  shoveled  into  tlie  sluice  boxes.  At  the 
nj)|)er  end  of  the  cut  made  by  ii'round  sluicing  the  section  exposinl  wa- 
ai)()Ut  as  follows,  from  the  surface  down:  Moss  and  nuick.  1  foot; 
clear  ice.  from  (»  to  10  feet:  gra\'el  of  undetermined  d(^i)th.  At  the 
lower  edii-e  of  the  bench,  a  few  feet  above  the  creek  bed,  several  cuts 
had  been  mined  out  and  sluiced.  In  these  workings  the  gravels  have 
a  thickne>s  of  '2  to  <»  feet  and  I'cst  upon  a  bed  rock  consisting  of 
graj)hitic  >chists  with  small  sills  of  inti'uded  greenstone.  The  gold- 
bearing  giavels  contain  a  large  amount  of  sticky  yellow  clay  sediment 
and  the  gold  ranges  in  >ize  from  line  grains  to  comparatively  large 
nugget>.  Seveial  nuggets  worth  more  than  $100  have  been  obtaininl. 
The  gold  i<  geneially  staincil  ;ind  coated  with  ii'on,  and  has  a  dark 
color.  In  one  of  the  nuggets  the  gold  was  associated  with  green  I'ock, 
pi'obably  decomposed  gi'censtone.  In  the  concentrates  from  this 
claim  a  gi'cal  deal  of  limonite  (h^'ived  from  the  alteration  of  |)yrite 
was  found,  but  as  tlie  claim  is  located  on  the  original  camp  site  of  the 
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tratcs  containing  nD  free  gold  and  consisting  mainly  of  limonite  i^eb- 
bles  was  assayed,  giving  0.12  ounce  of  gold  and  O.K)  ounce  of  silver  to 
the  ton.  The  product  of  this  bench  claim  during  the  season  of  1903 
is  unknown,  but  a  clean-up  aggregating  $5,000  was  reported  after  a 
three  days'  run  with  ten  men  shoveling  into  the  sluice  boxes. 

About  2  miles  above  Alder  Creek  a  bench  deposit  on  the  east  side  of 
Gold  Run,  200  feet  above  the  creek  bed,  has  been  prospected  by  a 
shaft  120  feet  deep.  Bed  rock  was  reached  at  a  depth  of  115  feet,  and 
the  material  on  the  dump  consists  of  well-rounded  gravel,  most  of  it 
rather  fine,  but  including  many  bowlders  of  greenstone  and  vein 
quartz,  the  largest  being  2  feet  in  diameter.  Coarse  colors  of  gold 
were  found  on  bed  rock,  but  were  not  abundant  enough  to  pay.  This 
deposit  lies  in  a  low  divide  between  the  valleys  of  Gold  Run  and 
Me  Adam  Creek.  It  is  probably  part  of  an  abandoned  drainage 
channel. 

Benches  at  various  levels  are  common  features  of  the  Gold  Run 
valley,  and  it  is  evident  from  the  developments  already  made  that 
they  are  worthy  of  the  prospector's  attention. 

ALDER  (REEK. 

Alder  Creek,  a  tributary  to  Gold  Run  from  the  east  side  2  miles 
from  the  Bluestone,  has  a  length  of  about  2  miles.  It  heads  near  the 
general  level  of  the  plateau,  at  a  point  about  2  miles  east  of  the  forks 
of  Bluestone  River,  and  flows  in  a  southwesterly  direction.  The 
gradient  of  the  creek  is  comparatively  steep.  Its  valley  has  gently 
sloping  sides  which  do  not  give  any  superficial  evidence  of  benches. 
The  whole  surface  is  deeply  covered  with  muck  and  moss,  probably 
in  large  part  underlain  by  ground  ice.  The  creek  in  ordinary  seasons 
probably  does  not  carry  over  50  miner's  inches  of  water  at  its  mouth. 
In  fact,  near  its  mouth  the  water  is  just  sufficient  for  a  fair  sluice 
head.  Where  not  disturbed  by  mining  oi)erations  the  creek  1)0(1  has 
a  width  of  only  7  to  8  feet,  and  a  section  of  peaty  soil  and  muck  is 
exposed  in  the  banks. 

Some  mining  has  been  done  along  this  creek  for  about  1  mile  above 
its  mouth.  Gold  was  discovered  in  1900,  and  the  creek  for  a  quarter 
of  a  mile  was  nearly  worked  out  at  that  time.  Since  then  the  work- 
ings have  extended  more  slowly  upstream,  but  it  is  reported  that  1 
mile  above  the  mouth  of  the  creek  there  is  not  sufficient  gold  in  the 
gravels  to  pay  for  mining.  In  a  claim  at  the  mouth  the  gravels  have 
all  been  washed,  and  the  bed  rock  has  l)een  stripped  for  several  hun- 
dred feet.  Tfhe  bed  rock  consists  of  chloritic  mica  schists  containing 
some  stringers  and  small  veins  of  quartz,  as  well  as  some  small  intru- 
sions of  green^one.  Although  the  claim  was  practically  exhausted 
in  1900-1901,  some  pay  was  found  in  190*2  extending  under  the  left 
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bank  near  the  niiddle  of  the  claioi  to  a  distance  about  ;iO  feet  from 
thfc?  original  creok  l^ed.  For  thiy  disitanee  the  bed-rock  floor  was 
found  to  Ir^  nearly  on  a  level  with  the  bed  of  the  creek*  but  beyond 
this  the  bed  nx^k  gradnally  ros**  and  the  pay  gravel  thinned  out  on 
tlu!  ed^.  At  the  edge  oi  the  cut  tlie  section  extx^sed  consists  ot  wv* 
end  feet  of  frozen  moss  tim\  irnidc.  Tn  ihe  bed  rock  rd  this  chiim 
tlit*re  is  a  lode  al)out  Hi  feet  wide,  whieii  has  tmon  prospeefetl  Ur  a 
depth  of  fiO  f{Tt,  The  leilge  is  made  up  of  a  gray  taleos*^  iTiateriid 
ctnitaining  some  quar(z  in  fine  ^^tring^^rs  and  1)1  el  is.  All  of  the  Jodgr 
unitter  t^irries  pyrite  in  streaks,  and  it  is  reported  that  tine  (*oiors  ui' 
gold  have  LR^en  [miuRH!  out  of  the  ore  taken  from  the  bottom  of  tlie 
shaft.  The  hanging  wall  of  this  deposit  is  in  a  somewhat  s<'histos4* 
limestone  rontidriing  aUjite  eryntals;  the  foot  wall  is  a  graplutie 
Hi'hist.  A  sample  of  the  ore  assayed  by  K,  K,  Hnrlingame  &  O**,  of 
Denver,  ('Olo.*  yiebled  OJ>r>  onnn?  of  gold  to  tlie  (on  and  a  traoe  of 
silver* 

About  half  a  mile  from  the  month  of  the  ert^ek  the  pay  streak  i^ 
'2it  feet  wide  ami  hnrnted  under  the  left  bank*  The  section  show;^ 
4  fet^t  of  muek  above  4  feet  of  pay  gnnel  I'esting  iii)on  a  broken 
limestone  bed  rock.  The  gt>hl  on  the  lower  half  of  the  claim  is 
coated  with  iron  oxide;  that  on  the  npi>er  half  is  bright.  It  h 
reported  that  a  great  nniny  nuggets  vvortli  from  'i^  cents  to  $i:i.(i{) 
have  been  found,  and  that  there  is  practically  no  fine  gold.  Although 
the  conccMitratos  in  this  placer  contain  cubes  of  iron  pyrite  that  are 
not  much  watcrworn,  the  gold  is  ncnirly  nil  well  rounded.  Sevcnil 
pnns  of  ])jiy  diit  washed  by  A.  rJ.  Collier  yielded  about  lJT)  cents  eacli. 

During  the  season  of  WHY.]  a  deposit  of  very  ricli  i)ay  dirt  was 
found  on  one  (d'  the  chiinis  not  far  from  the  mouth  of  the  creek,  but 
probal)ly  ^lO.OOO  wouhl  be  a  fair  estiuuite  of  tile  total  j)r()duccd  on 
Alder'  Creek  (hu'ing  the  reason. 

HUill'I'    lOHK. 

Ivight  Fork  has  Immmi  j)rospectcd  from  its  mouth  up,  but  thougli 
<")loi's  of  gohl  ha\('  b(HMi  foi.nd  botli  in  the  creek  bed  and  in  a  stream 
of  i)cnch(^s  lilvc  tho^c  on  (Johl  Ivini,  no  ))lacers  that  will  yi(dd  proht- 
by  j)rimiti\('  milling  nictiuxU  ha\'c  been  discovered.  excej)t  on  one 
li'il)Utary.  wliicli  wa^  not  cxaiuincd. 

r.KijiN(i  (  iu:i:k. 


Bering  CnM^k.  a  tributary  of  Igloo  Creek,  which  enters  the  Blue- 
-loni^  from  the  south  about  r>  miles  above  (iold  Rtm.  is  a  short  stream 
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thousand  dollars  and  in  1903  probably  somewhat  more,  but  no  defi- 
nite estimate  of  the  total  has  been  obtained.  The  gold  is  coarse,  prac- 
tically all  in  the  form  of  nuggets,  and  it  is  reported  that  from  $40 
to  $60  a  day  was  often  picked  out  of  the  gravel  by  the  miners  without 
sluicing. 

ANIKOVIK   RIVER. 

Anikovik  River,  which  enters  Bering  Sea  at  the  town  of  York, 
about  12  miles  east  of  Cape  Prince  of  Wales,  is  15  miles  long.  It 
heads  in  the  York  Mountains,  and  through  the  greater  part  of  its 
length  flows  across  the  York  Plateau,  in  which  it  has  cut  a  compara- 
tively broad  valley.  For  several  miles  above  its  mouth  the  valley 
and  river  bed  contain  gravels  several  feet  deep  and  200  to  300  feet 
wide.  In  1900  the  whole  of  this  river  was  regarded  as  gold-placer 
ground,  but  at  the  present  time  nearly  all  the  workings  have  been 
abandoned.  The  conditions  as  they  existed  in  1900  were  described 
in  Brooks's  report,  already  ^ited,«  and  further  notes  were  published 
in  the  report  of  1901.^ 

In  1903  only  one  party  of  prospectors  attempted  to  mine  the  grav- 
els of  this  river  and  the  whole  product  for  a  month's  work  did  not 
exceed  $600.  At  a  point  about  half  a  mile  from  the  coast  a  ditch  had 
been  dug  along  the  side  of  the  valley,  and  the  river  was  turned 
through  this  ditch  by  means  of  a  dam,  leaving  the  river  bed  exposed. 
The  gravel  was  about  2^  feet  thick  and  rested  upon  slate  bed  rock 
dipping  at  an  angle  of  about  70°,  which  contained  placer  gold  to  a 
depth  of  6  to  18  inches.  In  size  the  gold  ranged  from  very  fine  to 
nuggets  worth  $10.  The  fine  gold  was  generally  bright,  but  the  nug- 
gets were  iron  stained.  Cassiterite  and  magnetite  were  found  with 
the  gold  in  the  concentrates.  These  gravels  evidently  carry  a  small 
amount  of  gold,  and  if  they  could  be  worked  economically  by  a  com- 
pany holding  several  miles  of  the  river  bed  it  is  possible  that  ade- 
quate returns  could  be  obtained.  Up  to  the  present  time,  however,, 
the  efforts  to  mine  gold  on  Anikovik  River  have  not  been  successful. 
Small  amounts  of  gold  are  also  obtained  from  the  tin  placers  of 
Buck  Creek,  about  15  miles  north  of  the  Anikovik,  which  have  been 
described  in  a  previous  report.*^ 

GOODHOPE  PRKCINCT. 

The  northern  part  of  the  peninsula,  an  area  draining  into  the 
Arctic  Ocean  between  the  west  side  of  Shishmaref  Inlet  and  the 
head    of  Groodhope   Bay   is   called   the   Goodhope    precinct.     More 

•  Brooks,  A.  H.,  HichardRon.  G.  B.,  and  Collier,  A.  J.,  Reconnaissances  in  the  Cape  Nome 
and  Norton  Bay  Regions,  Aiaslca,  in  1900,  a  special  publication  of  tlie  V.  S.  Geol.  Survey, 
1901,   p.   134. 

•Collier,  A.  J.,  Reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula, 
Alaska:  Prof.  Paper  T'.  S.  Oeol.  Survey  No.  2,  lOOii,  p.  48. 

'Tin  deposits  of  the  York  region,  Alaska:  Bull.  V.  S.  Oeol.  Survey  No.  220,  10(i4,  pp. 
29-35. 


Ihan  half  of  thU  region  U  txjvored  with  the  typical  tiiiidm, 
which  nkirls  the  Arctic  Ocean.  This  coiii^ital- plain  area  ii^  binlt 
up  of  gravt*Is  and  sillb,  but  they  an^  not  known  to  be  auriferous. 
Most  of  tlie  strt'aiiis  are  sluggish  and  (low  in  meandering  courses 
over  the  phiiu,  8outh  of  the  cf*astal  plain  occur  gravels,  scliists, 
and  limestones  of  the  Nome  group,  with  one  large  area  of  granite, 
pmbably  a  >itock,  (See  geologic  map,  PL  XI,  in  pocket.)  Devil 
J^Ionritain,  an  isolated  }wak  in  the  noHhern  part  of  the  precinct, 
is  a  basaltic  lava  mass  rising  to  an  <*le*vation  uf  nearly  IKX)  fee* 
above  the  coastal  plain,  whose  graveb  mantle  its  base  on  all  sidei?. 
Placer  gold  has  Ix'cn  foinid  irk  n  small  area  in  the  southern  part  of 
the  precinct  north  of  the  divide  at  the  head  of  Koiigarok  River,  This 
region  may  Ije  approached  by  a  long  overland  trip  up  the  valh\v  of 
llie  Koug^irok  or  by  small  boats  up  the  rivers  which  flow  into  Shish- 
nuiref  Inlet.  It  is  one  of  the  most  difficult  place-s  of  access  irv  tl: 
peninsula  and  the  cost  of  bringing  in  supplies  is  prohibitive  to  niiu^ 
ing  ojK'rations  except  on  fabulously  rich  deposits.  Thei'e  lias  Ikh? 
considerable  prospecting  and  a  little  mining  here,  and  a  small  amount^ 
of  gold  has  been  taken  out  of  Dick  Creek,  a  tributary  of  Hryiui 
Creek,  which  ilows  into  Ser]ientine  Kiver,  This  Icicality  has  not  Ix^n 
visited  by  Geological  purvey  parties,  but  fmm  descriptions  furnislieil 
by  miners  it  seems  pmbahle  tliat  there  is  a  considerable  amount  of 
rather  low-fn'ade  auriferoits  gravel  along  Dick  Creek  and  some  of  i\w 
iici^hl)oring  streams.  In  general  these  deposits  appear  to  be  similar 
in  charactvM*  to  those  near  the  head  of  Kougarok  River,  described  on 
pairc  'V2i).  A  j)r('liininary  report  on  the  placers  of  the  (lOodhojM' 
|)r('cinct   has  already  hccn   pnblishiHJ." 
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THE  BLUFF  REGION. 


By  Alfbed  H.  Brooks. 


INTRODUCTION. 

There  is  a  deep  bight  in  the  southern  coast  line  of  Seward  Pen- 
insula, between  Cape  Nome  on  the  west  and  Rocky  Point  on  the  east, 
and  near  the  northernmost  point  of  this  reentrant,  at  the  mouth 
of  Daniels  Creek,  lies  the  small  settlement  called  Bluff.  The  irregu- 
lar group  of  buildings  that  makes  up  the  settlement  is  already  in 
part  threatened  with  engulfment  in  the  pit  of  the  hydraulic  mine 
close  at  hand  (PI.  VII).  Blulf  is  50  miles  east  of  Nome,  with  which 
it  has  a  nominal  weekly  mail  vservice  and  from  which  it  can  be  con- 
veniently reached  by  coasting  vessels  or  by  wagons  along  the  beach. 
There  is  no  harbor  at  Bluff,  but  it  is  a  little  more  sheltered  from  west- 
erly and  easterly  storms  than  many  of  the  other  settlements  along  the 
coast.  The  town,  whose  population  is  less  than  half  a  hundred  people 
(1904).,  owes  its  existence  to  the  rich  gold  placers  of  Daniels  Creek, 
which  are  being  systematically  exi)loited  by  the  Topkok  Ditch 
Company.  The  total  production  of  this  region  uj)  to  1904  exceeds 
$1,000,000,  practically  all  of  which  has  been  taken  from  Daniels 
Creek  and  the  beach  adjacent  to  its  delta.  Gold  has,  however,  been 
found  also  on  Koyana  Creek  to  the  east  and  on  Eldorado,  Ryan,  and 
Little  Anvil  (sometimes  known  as  Silver  Bow)  creeks  to  the  west  of 
Daniels  Creek. 

It  is  proposed  to  describe  briefly  the  salient  features  of  the  gold 
placers  of  these  creeks.  This  sketch  is  based  largely  on  the  writer's 
own  observations,  made  during  a  few  days'  visit,  but  these  have  been 
supplemented  by  the  results  of  (}.  B.  Kichardson's"  examination, 
made  in  1900. 


*  Brooks,  A.  H.,  Richardson,  O.  B.,  and  Collier.  A.  J.,  ReconnaiRsances  in  the  Cape  Nome 
and  Norton  Bay  regions,  Alaska,  in  10(H),  a  special  publication  of  the  V.  S.  Geol.  Survey, 
1901,  pp.  102-106. 

2s:{ 


The  Bluff  region,  which  will  here  be  defined  as  the  area  inc 
streams  tributary  to  Bering  Sea  from  Topkok  Head  to  I 
Creek,  in  of  tht>  name  tt^pui^raphic  type  as  th^  rest  of  the  per 
Flat-toppfd  highlands  with  gt*iit]e  slopes  are  broken  by  broa 
nnd  sluillovv  viilk^yn,  many  of  the  latter  widening  uut  iuto 
aiuphithtnitet'H, 

A  mosv^'CMjvt^rtHl  plain  sitrctcheR  westward  from  the  head  of 
uiii  StHUid,  ttuYingh  which  Klokerblok  River  and  many  ^ 
stmaniH  meander  in  sluggish  oourst^s  ( PL  VII L  in  pocket) ,  Tl 
liHid  i^  IjouiuIlhI  oh  thf  wi*sf  by  lughlands  that  constitute  a  nor! 
crly  cxtcjisiun  of  i\  raiigc  of  lulls  trending  nloiig  the  seaward  j 
of  the  jH^ninsida  west  of  Golofnin  Bay.  A  similar  highlau 
strelcht^.s  iioi*th westward  from  Topkok  Head,  and  the  two  ai 
iHTted  by  severul  flal-toj)|MnL  serpentine  ridges,  which  separ 
coastal  from  the  Klokerblok  drainage.  The  summits  of  al 
nplanrls  nre  fliit  »nd,  of  strikingly  luniforni  altitude,  raiigin 
lietween  S(K)  nmi  1,(M)0  feet  above  the  sea.  This  feature  is  vej 
gestive  of  a  surface  uplifted  and  dissected  by  erosion.  The  V8 
Koyana  Creek,  tlie  most  easterly  stream  of  the  area  here  cons 
is  a  wide,  shallow  basin,  pi'esenting  a  broad  delta  front  to  t 
Steep,  rocki^  blntfs,  broken  only  by  the  small  valley  of  i^wede 
face  the  sea  for  3  miles  to  the  west.  At  Daniels  Creek  the  hi^ 
rec(Mle  and,  witli  a  roughly  crescentie  sweej:),  encircle  the  val 
Daniels,  Kldorado,  and  Ryan  (^(H'ks,  touching  the  s(^a  again  i 
inilcs  lo  (be  west.  This  cr'csccntic  lowland  area  has  a  gently 
siiid'ace,  caused  by  the  incision  of  the  three  above-mentioned 
valleys  and  tlieir  tributaries.  So  gentk'  are  the  stream  slopes 
shaUow  are  the  valleys  tluit.  when  ^een  tVom  a  salient,  the  di 
of  the  di-ainage  is  diflicult  to  determine.  The  headwaters  o 
streams  are  sej)arate(l  by  broad,  low  gaps  from  the  drainage 
Klokerblok,  and  one  of  these  gai)s  is  traversed  by  the  Toi^kok 
which  brings  water  to  Diiniels  Creek. 

A\'est  of  Ryan  Creek  the  highlands  again  retreat  to  encir 
small  \'alley  di'ained  by  Little  Anvil  Ci'cek.  and  approach  1 
once  more  ;it  the  rocky  blutf  that  mai'ks  the  eastern  side  of  "^ 
\^dley.  Topkok  Rivci".  the  largest  stream  of  the  district,  has 
dehned,  stee{)-^i(led  valley,  which  is  incised  to  a  depth  of  400 
feet  below  the  highlands.  It  lia>  a  gra\el  floor  and  presents  i 
delta  to  the  -ea.  No  conunercial  j)lacers  have  been  found  wit 
ba>in  of  Toi)kok  River,  and  it  lies  rather  outside  of  the  field 
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GEOLOGY. 

Investigations  in  this  field  have  been  confined  to  the  gold  ])laeers, 
almost  to  the  exclusion  of  the  bed-rock  geology,  and  even  the  aurif- 
erous gravels  have  not  yet  been  adequately  mapped.  It  is  possible, 
therefore,  to  express  the  stratigraphic  and  structural  geology  in  only 
the  most  general  terms.  Richardson,  who  through  his  acquaintance 
with  adjacent  areas  had  a  broader  knowledge  of  the  Bluff  region 
than  the  writer,  divided  the  bed-rock  terranes  into  three  groups:" 
(1)  A  massive  gray  crystalline  limestone;  (2)  a  mica  schist,  with 
some  interbedded  graphitic  limestone;  and  (3)  a  formation 
of  massive  limestone  and  mica  schist.  The  writer's  observations 
hardly  bear  out  the  correctness  of  this  succession  of  beds,  for  it 
appears  to  him  that  there  is  only  one  massive  white  limestone,  which 
is  succeeded  by  a  mica  schist  and  graphitic  limestone  formation. 
Some  facts  also  are  presented  below  which  would  indicate  that  the 
mica  schists  are,  in  part  at  least,  altered  intrusives  and  hence  do  not 
mark  any  definite  stratigraphic  position.     In  the  preceding  j)ages 


SCMtST 

Fig.  15. — Diajn'&m  of  clIfT  exposure  near  mouth  of  Daniels  Creek. 

Mr.  Collier,  in  presenting  the  general  geology  of  KSeward  Peninsula, 
includes  this  area  as  a  part  of  the  Nome  group,  and  it  is  j)r()bable 
that  the  massive  limestone  belongs  to  the  Port  Clarence  horizon. 
Mr.  Collier's  lower  schist  series  is  not  exposed  in  the  Topkok  region, 
but  his  upper  schists  are  probably  represented  by  a  belt  of  rocks 
which  stretches  northwestward  from  Rocky  Point,  and  appears  to 
overlie  the  limestone  outcropping  along  the  coast  east  of  the  mouth 
of  Daniels  Creek. 

Mica  schists  occur  as  irregular  masses  within  the  limestone  belts, 
and  although  they  do  not  differ  lithologically  in  any  very  essential 
way  from  the  schists  believed  to  be  of  sedimentaiy  origin,  their  mode 
of  occurrence  strongly  suggests  that  they  are  altered  intrusives.  The 
most  striking  example  of  this  is  seen  in  the  cliff'  exposures  just  east 
of  the  mouth  of  Daniels  Creek  (fig.  15).  Here  an  irregular  mass  of 
mica  schist  is  inclosed  in  limestone  walls.  Lines  of  faulting  have 
obscured  the  original  relation  of  the  two  rocks,  but  the  outline  of 
the  schist  mass  is  very  suggestive  of  an  intrusion.    The  schist,  what- 

«Op.  clt..  p.   103. 
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ever  its  original  churacter,  has  been  intPiis<'ly  ilt^fonnod  and  at  thin 
pariitnilar  locality  has  In^ni  intriitbd  by  many  <iiiHrl«  veins.  It  is 
wtnv  coinpowMl  t*s?^*nliaJly  of  qi*ai1/.  auf!  mit-a,  with  8ome  chlorite, 
and  its  mineral  «jni|>o^itioii  mi^ht  lie  that  of  tuther  an  altered  «edi- 
nirnt  or  an  hUimhI  i^n<*ous  rot-k.  Furthor  evidt*nct*  t>f  the  intrusive 
t^lun'!M'ti*r  tjf  naut^  of  tht*?-e  sehints  is  fonntl  in  thi.^  fact  that  at  various 
hx'iilitit^  the  linici^toni*  walls  wmv  the  contact  with  thts  schLsts  are 
nuav  or  1(*sh  njctaniorpho^^tHl,  Tliest*  facts*  togctht*r  with  the  irregidar 
diHtrilMilion  of  the  t^cliist,  intlicMte  nn  igneous  origin,  thongh  it  iuust 
lit*  eonfesstnl  ihnt  tlie  evidencn  in  by  no  means  conclurive* 

'Hie  hirgi^r  struct  nrcs  of  (he  lib  iff  region  apj>ear  to  Ix^  siniplo,  but 
ihcrc  are  many  minor  eiimplicrttionn.  Tin*  hravy  Iime^toJle  ha^  lieeii 
uplifted  into  a  low  dome,  whose  longer  axis  n^tretcheH  approximately 
N.  TO'-'  E.  About  H  rniles  northeast  of  Bluff  this  structure  carriers  the 
UnicHtone  muierneiilh  theyoungt^r  mica  scliints,  ivhich  probably  niautlc 
the  limestones  to  the  west  also.  The  major  folds  are  all  low,  the  dips 
being  from  10°  to  *W\  but  locally  there  has  bsftMi  iiitensi>  defoninition. 
Ill  this  i-^giotK  owing  to  the  great  scarcity  of  outcrops,  few  of  Iho 
local  features  can  be  determined  exrept  along  tiu^  sfja-ditf  exj assures, 
and  there  minor  faulting  and  folding  chu  Ijc  s*^en  in  many  places, 
Tliese  exj)t)^inres  plainly  indicate  thut  if  the  mica  schii^ts  are  inlrusiveH 
tliey  were  injected  previous  to  the  deforinatiou  of  the  inclosing  lime-| 
stones.  These  mica  si'hisis  npprnr  U\  1m'  lh<^  gn!dd>curiiii:  Tnr!,*>^  nf  (be 
district,  and  hence  their  mode  of  occurrence  and  their  distribution  are 
of  ccoiioniic  interest.  So  far  as  observed,  the  schists  appear  to  \)v 
niiiKM-aliziM]  only  near  their  ronlart  with  the  limestones.  At  the-c 
places  (jiiartz  \eiiis  cuttinir  the  foliation  of  the  schist  are  no.t  unconi- 
inon.  The  iiidix  i(hial  \-ciiis  ai)|K'ar  to  h(*  of  small  extent,  but  at  som«' 
localities  a  stockwoi'k  forms  a  con.-iih'rabK*  mass  of  low-grade  ore. 
No  assays  jiaxc  been  made,  and  it  is  not  known  that  tiiese  bodices  carry 
connnci'cial  ^  alne>.  but  the  niinei-ali/ation  is  of  interest  as  showing  the 
>oiirce  of  the  j)lacer  gold.  The  ore^  a|)))ear  to  be  chietly  iron  |)vrite. 
w  itli  >onie  chalcoi)yrite  and  arsenojn'rite.  Three  miles  east  of  Daniel- 
( 'I'eck  attein])l>  ha\e  been  made  to  open  nj)  one  of  these  or(»  bodit^s. 
The  (lej)osit<  in  botli  struct  nral  and  mineralogical  character  are  closely 
similar  to  those  of  Anvil  Creek.  Though  we  have  no  direct  evidence 
that  tliei'c  ai'e  lode  depo^it>  in  tin*  IMull"  I'cgion  which  could  be  prof- 
itably mined,  the  occui'rence  of  the  phenomenally  rich  placers  along 
l)aniel^  ("I'cek.  the  o'old  of  which,  as  will  be  shown,  is  un(]uestionably 
of  local  origin,  mak'e^  it  not  imj)rol)abI(^  tliat  tlic  stripping  of  the 
gra\('U  may  e\'entually  I'eveal  a  workable  on*  body. 

The  distribution  of  tlu»  alluvium  is  of  more  inunediate  interest  to 
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along  the  valley  slopes  the  waterworn  material  and  the  talus  have 
intermingled.  As  the  sands  and  gravels  were,  for  the  most  part,  laid 
down  by  streams,  the  upper  limit  is  not  a  horizontal  line  but  varies 
with  the  gradient  of  the  streams  by  which  they  were  deposited.  For 
the  same  reason  the  alluvium,  in  many  places,  has  a  very  j^erceptible 
dip,  as  on  Daniels  Creek,  where  the  beds  fall  off  to  the  west  at  an 
angle  of  5°.  The  thickness  of  the  alluvial  deposit  ranges  from  a  mini- 
mum of  less  than  1  foot  along  the  margin  of  the  deposit  to  a  maxi- 
mum of  40  to  100  (±)  feet  on 
Daniels  Creek.  The  character  of 
the  material  also  varies  greatly,  but 
clays  and  sands  appear  to  dominate. 
Except  in  the  old  beach  deposits 
near  the  coast  and  on  some  of  the 
smaller  creeks,  nnich  of  the  gravel 
is  rather  angular  and  appears  to 
have  been  little  waterwoni.  Near 
the  mouth  of  Daniels  Creek  a  well- 
defined  beach  deposit  lies  about  10 
feet  above  the  present  beach  (fig. 
16).  Much  of  this  upper  deposit 
has  been  removed  by  the  mining 
operations,  but  enough  remains  to 
show  the  typical  beach  character  of 
the  gravels.  The  dei)osit  dips  to- 
ward the  sea,  contains  some  sliingle, 
and  is  overlain  by  about  8  feet  of 
clay  and  muck.  With  the  alluvium 
just  described  is  grouped  a  series  of 
sands  and  sandy  clays,  which  arc 
the  product  of  rock  weathering  and 
are  almost  in  place.  On  Daniels 
Creek  alone,  so  far  as  known  to  th(» 
writer,  does  the  alluvium  aj)pear  to 
i-each  a  considerable  thickness.  Not 
more  than  6  feet  of  gravels  were  found  resting  upon  bed  rock  on  the 
upper  part  of  Eldorado  Creek,  and  even  on  Daniels  Creek  the  allu- 
vium is  only  about  7  feet  deep  a  mile  from  the  beach.  It  should  1k> 
stated,  however,  that  at  the  time  of  the  writer's  visit  (1904)  the  depth 
to  bed  rock  had  been  determined  at  no  other  localities  than  those  just 
described.  It  is  reported  that  in  the  sunmier  of  1907  excavations 
were  made  near  the  mouth  of  Daniels  Creek  to  a  depth  of  GO  feet.  It 
is  not  clear  whether  these  were  in  alluvium  or  in  the  decomposition 
products  of  the  limestone,  but  the  material  is  said  to  carry  values. 


9 Vz  jmiie 

Fi<;.    IH.—  Sketch    map    and    section    of 
Daniels  (.'reek  placers. 
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(loltl  is  .said  hi  liavo  \mm  four  id  jit  tin*  niuuth  nf  DanWs  Creek  in 

St*plei[il>er,  Wn),  l>y  M'illiiim  Iluntcu*  nin]  Fnuik  Walkt^r,  but  it  wa^ 
f!(jt  iiiUil  Dcri'iiihrr  Hint  tlic  lirsi  cltiims  were  sljike<U*'  These  were 
tix^atiHi  f>y  J\  S.  Sullivan,  CliMH-ge  Kyim,  nml  ntfiors.  In  the  follow- 
ing Jammry  five  claiiiLH  wen*  stf^ketl  along  Mie  beach  by  11,  C*  Mahi*- 
fiuitst,  William  IFunter*  nnd  others^  who  organizeil  themnt'Ives  a^  the 
Bhick  Chief  Miiiing  Compuiiy  and  obtained  control  of  the  Daniels 
Creek  elaims.  In  Miin'li  the  news  of  the  discovery  was  published  at 
Nome  and  many  men  found  their  way  to  BhitT,  By  this  time  thelieaeJi 
iiho  had  l>ee]i  found  to  Ln*  mjj'iferous  and,  in  aecordaiice  with  the 
ruling  of  a  miners-  meeting^  it  was  thrown  open  to  all  comei^  for 
a  distance  of  W  feet  Imek  fi'oni  high  tide.  The  exploitation  of  the 
Ijeaeh  plaeers  hy  men  wlio  hud  gained  their  experietu'e  at  Ncaiie  was 
enargetieally  poshed  till  July  8,  1900,  when  military  intervention 
put  an  end  to  Ix^ach  mining.  By  Unit  time,  Iiowever,  al>out  $^M1,000 
in  gold  Inid  been  taken  ont  r>f  the  Hands  from  a  strip  tif  the  beach  less 
than  1^000  feet  long — probably  the  richest  deposit  of  this?  kind  ever 
ffumd  in  Uie  wr^rhl* 

Meanvvhile  the  two  lowei5t  claims  on  Daniels  Creek  hsd  b^en  opened 
up  and  in  H)00  yielded  probably  $2(K)/>00  in  gold.  Most  of  this, 
however,  was  taken  not  from  the  stretuti  b(*d  prcq>er  l^Tit  from  ati  old 
beach  that  stretclies  across  the  present  mouth  of  Daniels  Creek. 

The  bivicli  j)lac('rs  were  pi'acticMlly  exhausted  in  1000,  yet  the  aurif- 
erous nra\('ls  of  the  lower  part  of  I)ani(vls  Creek  continued  to  ])e  ex- 
ploited durina"  the  foll()\\in<i:  two  years  as  far  as  the  scanty  amount 
of  ^vMter  a\'ail:il)le  for  shiicinii'  would  allow.  Most  of  the  aohl  |)ro- 
duced  here  in  l!K)l-i^  came  from  l)isco\erv  claim,  at  the  mouth  of 
Daniels  Creelc,  wjiich  was  worked  by  the  jiid  of  a  irasolinc^  engine 
that  pumped  a  sluice  head  of  water  from  the  sea.  In  the  meantime 
add  ha<I  been  found  on  l^ldorado  and  Ryan  creeks  and  on  SwimIc 
(iulch,  but  laclv  of  water  j)re\'ente(l  operations  (wcept  on  a  small  >cale. 

In  llH)i>  M  ,->ti-ona  eonipany  called  the  Topkok  Ditch  Comi^any 
heann  the  construction  of  a  watcM'way  from  the  head  of  Klokerblok 
Ri\(U'  to  Daniels  Crvek.  This  work  was  completed  late  in  the  sum- 
mer of  P.H).").  and  >luicina"  l>i\a'an.  In  1004  the  com[)any  had  about 
H)  miles  of  ditch  in  opei'ation.  and  in  lOOC)  extended  the  conduit 
iibout  I  miles.  (See  IM.  NTII.  in  j)ocket.)  This  enterprise  is  a  most 
successful  hydraulic  minina  operjition  and  demonstrates  what  can 
be  done  under  fa\()r;ible  (Maiditions  and  with  intelliacnt  and  (M-onom- 
ic:d  manaacnient.      AVhen  the  ja^avy  ai'a\'el  de[H)sits  of  Daniels  Creek 
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have  been  sluiced  off,  the  water  of  the  Topkok  Ditch  Company  can 
be  utilized  to  mine  the  shallower  deposits  of  Eldorado,  Ryan,  and 
other  smaller  creeks. 

The  accompanying  sketch  map  (fig.  16)  shows  the  known  distribu- 
tion of  the  auriferous  gravels  in  the  vicinity  of  Bluff.  The  valleys 
of  Swede  Gulch  and  Koyana  Greek  should  be  regarded  as  part  of 
this  region,  but  as  they  contain  relatively  shallow  deposits  and  have 
not  proved  very  rich,  they  are  pi:obably  of  no  great  commercial 
importance. 

The  district  embraces  only  two  types  of  auriferous  deposits — the 
beach  placers  and  the  creek  placers.  The  former,  however,  include 
an  old  beach  placer  as  well  as  that  of  the  present  beach.  These 
beach  placers  have  been  described  as  follows  in  the  previous  report :  *» 

The  rich  part  of  the  beach  extended  about  500  feet  west  of  the  mouth  of 
Daniels  Creek  and  about  50  feet  east  to  a  cliff  that  projects  into  the  sea.  The 
beach  pay  streak  was  3  to  4  feet  thick,  overlain  by  a  foot  of  barren  sand  and 
underlain  by  clay  of  undetermined  thickness.  Gold  occurred  disseminated  in 
schist  gravel,  in  which  were  scattered  bowlders  of  mica  schist  averaging  10  to  15 
pounds  in  weight  and  smaller  pieces  of  limestone.  The  "  ruby  sand  "  so  i)romi- 
nent  about  Nome  Is  inconspicuous  here,  though  some  garnets  are  present  in  tlie 
gravels.  The  heavy  minerals  associated  with  the  gold  are  magnetite,  nodules  of 
limonite,  small  pieces  of  ilmenite,  and  bits  of  cinnal)ar.  Cinnabar  is  fairly 
abundant  in  the  tailings,  ranging  from  si)ecks  to  rounded  pebbles  the  size  of 
marbles,  but  it  has  not  been  found  in  place.  The  l)each  gold  is  rather  coarse, 
much  coarser  than  that  from  the  Nome  beach.  It  averages  about  12  pieces  to 
the  cent  and  assays  show  a  purity  of  0.870. 

During  the  height  of  the  excitement  of  beach  mining  it  was  com- 
mon for  a  man  to  take  out  $100  to  $300  a  day,  and  three  men  are 
said  to  have  taken  out  $10,000  in  three  days.  It  is  estimated  that 
the  gold  tenor  of  much  of  the  pay  streak  must  have  averaged  $150 
to  the  cubic  yard,  or  about  $1  to  the  pan.  This  is  far  richer  than  the 
best  part  of  the  Nome  beach  sands,  and,  in  fact,  is  the  richest  marine 
placer  ever  found.  In  gold  content  it  has  been  equaled  by  only  a 
very  few  claims  in  the  peninsula. 

Before  considering  the  origin  of  the  beadi  gold  it  is  well  to 
describe  the  other  auriferous  gravels  of  the  vicinity.  An  uplifted 
beach  placer  which  lies  athwart  the  course  of  Daniels  Creek  has 
been  mentioned.  This  deposit  is  less  than  10  feet  above  the  present 
beach,  and  the  character  of  the  material  in  both  deposits  is  the  same. 
It  is  believed,  however,  that  the  gold  content  of  this  older  beach  is 
not  so  great  as  that  of  the  present  beach.  The  sands  of  the  elevated 
beach  are  about  6  feet  thick,  include  some  gravel  layers,  and  are 

■Brooks,  A.  H.,  Richardson,  G.  B.,  and  Collier,  A.  J.,  Reconnaissances  In  the  Tape 
Nome  and  Norton  Bay  regions,  Alaska,  In  1900,  a  special  publication  of  the  r.  S.  Geol. 
Sarrey.  1901,  pp/  104-105. 
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ovcrkih  hy  iiltcmt  H  ft^t  of  ^riandv  day  with  frairni^nt^  of  Hmeston*". 

TtiLi  relation  of  tht*  two  deposits  in  well  pxhiliikHl  in  the  section 
(fi^.  16).  The  overbiirrlen  of  sandy  clay  carries  but  little  gokL  The 
old  heaeh  has  bt'en  iwo^nizefl  only  at  the  mouth  of  Daniek  Cre^k, 
and  here  much  of  it  has  Ikh^u  removed  by  mining  operations. 

Inhmd  from  this  elevated  lK*ach  there  is  a  gradual  transition  to 
the  gravels  of  Daniels  Creek*  which  appear  to  He  in  a  broad.  n>ek- 
f]<K>red  baj^in  with  some  eoiTiiir^itions  parallel  to  the  water  courses. 
The  sides  of  this  basin  shjpt*  bnvard  tlie  axis,  and  the  whole  is  tilted 
toward  the  sea  with  a  grade  of  pn>l>ably  :i(K>  feet  to  the  miU^,  The 
bed  ruck,  so  far  a^^  exposed,  is  a  rather  massive  limestone,  everywhere 
more  or  less  crystalline.  The  surface  is  nuich  pitted,  and  the  cu^igi- 
nal  rock  floor  iimst  have  Ijeen  one  of  great  irregularity.  Mining 
operations  since  the  writer's  visit  have  shown  that  there  is  more  than 
one  channel.  Deep  crevice?;  penetrate  the  limestone  and  in  some 
phiriis  make  it  appear  like  an  aggregate  of  Iwwldera  So  far  a^ 
observed,  however,  all  these  so-called  bowlders  are  practically   in 

llie  alluvial  material  is  of  two  general  types — that  in  which  clay 

predominates  and  that  which  is  clnefly  sand.  It  ranges,  however, 
fnHu  a  micaceous  but  very  stiff  clay  tn  a  hxise  sand  with  gravel 
layers.  In  many  places  no  stnrcture  can  l)e  made  out  in  the  clays; 
the  liedding  of  the  sands  and  grav^els  is  of  the  greatest  irregularity, 

lo(':i  Hy  rh  a  Tiding  its  character  cveiy  few  feet.  The  indiciitions  nn- 
very  strong  that  the  layers  of  clay,  which  in  general  lie  near  the 
bottom  of  the  deposit,  are  formed  almost  in  place,  whereas  tlio  sands 
and  gravels  ;ij)pear  to  have  been  laid  down  in  swiftly  flowing  water. 
Many  fragments  of  angular  limestone  are  found  end)edde(l  in  the 
i'lay.  and  in  places  the  wliole  may  be  traced  by  gradual  transitions 
into  the  limestone  underneath.  A  ])it  about  a  mile  from  the  beach 
showed  the  followin<r  section  : 


Scrlioii    I   mill    fnnn   IkhcU   n(<ir  Bluff. 

Foot. 

Muck    ;m(l    veirc^t.ition    __  ^   U 

S;iii(l  ;m<l  cliiy.  some  st rntificntion ..      1 

('l.iy.   with    fra^'iiH^uts  of   limeslouc.   probably   lyiiiir  upon   be<l 
i-ork  „^  .  :, 

A    section   aI)out   a   (juarter  of  a   nule   from  the  beach  is  approxi- 
nialel\'  a^  follows  : 


SccHnii  niH  -foiirtli   mile  from   Itniih   urtir  Bluff. 


Mud;    and    xcu'dat  ioii_ 
r'iiie   sands,    sonic    cla.w 


I'cct. 
1(»-12 
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This  section  shows  that  the  alhivial  deposit  thickens  very  rapidly 
toward  the  sea.  Near  the  head  of  the  cre(>k  the  surficial  de])()sits  con- 
sist chiefly  of  clay,  but  near  its  mouth  sands  and  gravels  predominate. 
No  adequate  data  are  at  hand  for  determining  the  amount  of  the 
alluvium  in  this  basin,  because,  except  at  the  mouth  of  the  creek, 
there  are  but  few  places  where  measurements  can  be  made.  More- 
over, the  bed-rock  surface  is  so  irregular  that  any  generalization  of 
the  average  thickness  must  leave  a  large  range  to  chance. 

The  clays  are  mostly  reddish,  in  some  places  blue,  and  generally 
contain  considerable  mica.  Their  tenacity  is  dependent  on  the  ab- 
sence of  sandy  material.  By  the  addition  of  arenaceous  matter  thoy 
pass  into  sandy  clays  and  thence  into  sands.  The  typical  sands  are 
dark  gray  and  carry  much  mica.  Many  of  the  gravels  are  strikingly 
angular.  Ijithologically,  they  are  made  uj)  of  mica  schist  and  vein 
quartz.  They  are  as  a  rule  iron  stained  and  in  many  places  carry 
sulphide  minerals.  Although  there  are  great  local  irregularities  in 
the  bedding  of  the  gravels!,  yet  in  general  the  planes  of  stratification 
dip  away  from  the  high  eastern  ridge.  The  maximum  dip  observed 
was  5  degrees. 

Little  can  be  said  of  the  distribution  of  the  pay  gravels.  The 
managers  of  the  hydraulic  mine  report  that  in  general  the  clay  cairies 
higher  values  than  the  sand  and  gravel.  This  is  very  significant,  for 
it  appears  to  be  established  that  the  sand  and  gravel  have  l)een  far 
more  sorted  than  the  clay.  It  would  indic^ate  a  large  gold  tenor  for 
the  rock  from  which  the  clay  has  l)een  derived.  In  any  event  there 
can  be  no  question  that  the  gold  is  very  near  its  bed-rock  source, 
which  appears  to  Ik^s  at  the  contact  of  mica  schist  and  limestone. 
Since  the  writer^  visit  high  values  are  said  to  have  hoou  found  at 
depths  of  50  and  00  feet,  near  the  mouth  of  the  creek.  This  would 
suggest  that  there  was  either  a  deeper  channel  l)elow  the  prescMit 
stream  or  that  the  material  in  which  this  gold  was  found  was  a 
j^roduct  of  weathering,  in  part  derived  from  the  hill  slope  to  the  east. 
The  facts  available  are  inadequate  to  decide  this  question. 

Generally  throughout  the  peninsula  the  richest  placers,  except 
where  there  has  been  secondary  concentration,  occur  at  the  contact 
of  limestone  and  schist.  These  contacts  app<*ar  to  l)e  zones  of  weak- 
ness where,  in  consecinence  of  stressc^s,  fissuring  has  developed  and 
thus  given  opportunity  for  the  ore-lH»aring  solutions  to  penetrate. 
The  Daniels  Creek  deposits  are  no  exception  to  this  statement,  for 
the  location  of  the  placers  with  reference  to  the  limestone  and  schist, 
as  well  as  the  character  of  the  gravels,  points  to  the  conclusion  thai 
the  zone  of  mineralization  lies  at  the  contact  of  th(»  rocks  of  the 
two  types. 

An  impregnated  zone  is  well  exposed  along  the  sea  cliff  about  thriH*- 
fourtlis  of  a  mile  east  of  the  mouth  of  Daniels  Creek,  and,  as  this  is 
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VQVy  likely  tli«  typi?  of  lodt*  do  posit  from  which  the  plnror  ^nUl  is 
diTived,  it  merits  a  detailed  destTi|>titm,  though  it?*  eommerci«l  valno 
hflH  not  been  e^tablisheti.  At  this  kjcality  a  belt  of  mica  schist  about 
(iO  feet  wide  i^  more  or  less  inipregtisited  by  pyrite-U'^ring  quarts 
stringei-s.  The  belt,  inchiding  some  irregular  liniestone  niasj^es,  U 
bcjunded  by  ii^raphitic  liniestone  walls,  which  dip  away  from  the 
Bchists  and  form  a  ^mall  anticline  much  broken  by  faults.  The  schist 
Ib  silvi*ry  gray  and  appears  to  consist  essentially  of  sericite  and 
quartz*  Its  relations  to  the  limestone  suggest  that  it  may  \y^  an 
altered  intrusive.  The  deforniBtion  of  the  series  has  upturned  and 
fractured  the  limestone  l)eds  and  has  rendered  the  intruded  rot-k 
rather  schistose.  At  the  west  contact  a  band  of  schist  20  feet  in 
cross  section  lies  lK>tWfX^ii  ont^  af  the  included  limestone  masst*s  and 
the  coimtry  nwk.  In  this  band  the  mineralization  is  mora  intenm* 
than  in  the  rest  of  the  schist.  Here  a  series  of  gash  veinSj  the  largest 
of  which  Is  18  inches  in  width,  cuts  the  foliation  of  the  schist  { Rg.  IT  1 , 

A  mass  of  crushed  material  or  gouge 
forms  the  hanging  wall  of  the  tle-^ 
|>0(sit,  anil  along  this  zone,  which  ha:^ 
been  a  plane  of  movement*  the  quarU 
veins  are  cut  off  abruptly.  Stringers 
of  quartz  do,  however,  occur  in  thi* 
limestone  on  botli  sides  of  the  schist. 
The  ore  appears  to  l>p  chiefly  iron 
]>yrite  and  mispickeb  with  some 
chaleopyrite;  the  gangue  is  mostly 
quartz,  with  some  caleite.  It  is  rc- 
])ortc(l  that  values  as  high  as  $H  to 
the  Ion  ill  gold  have  Ihh'ii  found  in  the  ore,  but  the  writer  did  not  learn 
Jiow   the   assay   sani])le   was  taken. 

As  the  source  of  the  j)la('er  gold  is  at  the  contact  of  the  schist  and 
limestone,  which  is  also  the  position  of  the  above-described  impreg- 
nated zone,  all  the  gold  may  have  its  origin  in  one  type  of  lode  de- 
j)o<it.  'riiongh  the  existene(^  of  workable  lode  deposits  must  remain 
in  (pie^tion  until  systematic  prospecting  has  been  done,  yet  the  finding 
of  rich  placers  like  those  of  Daniels  Creek,  whose  gold  appears  to 
lune  Ihmmi  moved  but  litth^  from  its  bed-rock  source,  makes  it  seem 
j)ossil)le  that  a  workable  lode  deposit  may  sometime  be  discovered. 

The  only  locality  in  the  disti'ict  where  an  attempt  at  lode  develop- 
ment has  becMi  made  is  )1  miles  east  of  Blutf,  near  the  shore.  Here  a 
ledge  is  said  to  be  14  f(»et  wide  and  to  yield  u])  to  $'30  in  gold  to  the 
ton.  'I'lie  ore  is  iron  pyrite  and  niisj)ickel.  This  occurrence  is  l)elieved 
[it  l>e  -.mid;ir'  lo  I  lie  one  ahoM-  deseribed^  but  it  was  not  examined  l>v 


i 


Fi«i.  17.  1  Maf^rammatic  rcprosoiitation 
of  character  of  Imprcjjnated  zones, 
Rluff   rei^ion. 
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The  Daniels  Creek  placers  are  the  only  ones  in  the  Bluff  region 
sufficiently  opened  up  to  permit  study.  Here  several  facts  are  evi- 
dent :  First,  the  source  of  the  gold  is  entirely  local ;  second,  where  it 
is  richest,  as  in  the  red-clay  deposits,  there  appears  to  have  been  little 
sorting  action  by  water;  third,  the  gold  is  so  intimately  associated 
with  mica-schist  debris  that  most  probably  the  schist  has  a  close  con- 
nection with  its  origin.  It  has  been  pointed  out  that  the  gold  in  the 
district  is  probably  derived  from  the  impregnated  zones  in  mica 
schist  and  limestones  near  their  contact.  If  this  mica  schist  is  an 
altered  intrusive,  its  distribution  may  be  very  irregular.  It  is  prob- 
able that  if  the  surficial  deposits  could  be  stripped  off,  the  impreg- 
nated zones  would  be  found  not  far  from  the  present  placers,  but  there 
is  no  evidence  yet  that  these  zones  will  be  found  to  carry  commercial 
values.  This  statement  is  supported  both  by  the  fact  that  the  aurifer- 
ous clays  have  not  been  moved  far  from  their  original  position,  where 
they  were  formed  in  place  by  the  weathering  of  the  bed  rock,  and  by 
the  fact  that  as  a  rule  the  gold-bearing  gravels  are  angular.  It  is 
evident  that  the  stream  gradients  must  have  been  low  during  the 
period  of  the  formation  of  the  clay,  or  the  water  would  have  quickly 
removed  it.  The  area  was  probably  exposed  for  a  long  time  to  the 
agencies  of  weathering,  and  an  irregularly  pitted  land  surface  was 
produced.  The  bed  rock  was  probably  deeply  buried  by  the  clay  and 
other  products  of  weathering.  An  uplift  followed,  as  a  result  of 
which  the  carrying  power  of  the  streams  was  increased  and  the  de- 
posits of  sands  and  gravels  were  laid  down.  At  Daniels  Creek  this 
uplift  gave  the  former  level  a  slight  westward  tilt,  as  is  shown  by  the 
bedding  of  the  gravels.  The  elevated  beach  deposit  appears  to  have 
been  formed  prior  to  this  uplift,  but  it  would  require  a  very  detailed 
survey  to  establish  this  fact.  The  gold,  however,  was  certainly  con- 
centrated by  wave  action  in  the  older  beach,  as  in  the  present  beach. 
The  presence  of  gold  at  a  depth  of  60  feet  near  the  mouth  of  Daniels 
Creek,  reported  in  1907,  may  indicate  either  a  deep  zone  of  weather- 
ing or  a  buried  ancient  beach  line.  Subsequent  uplift,  which  prob- 
ably did  not  exceed  8  feet  at  the  coast,  exposed  this  older  beach  in 
part  to  wave  action,  and  thus  led  to  a  reconcentration  of  the  gold  in 
the  gravels  of  the  present  beach. 

The  other  creeks  of  the  district  besides  Daniels  Creek  have  been 
but  little  developed,  for  none  of  them  carry  a  sluice  head  of  water 
except  in  the  early  spring  or  during  heavy  rains.  Eventually,  how- 
ever, they  will  all  be  hydraulicked  with  water  from  the  Topkok 
ditch.  Sluicing  has  been  done  on  about  half  a  dozen  claims  on  Eldo- 
rado Creek,  and  some  work  has  been  done  on  Ryan  and  Little  Anvil 
creeks.  So  far  as  the  scanty  exposures  show,  the  mode  of  occurrence 
of  the  gold  on  these  streams  is  similar  to  that  of  Daniels  Creek,  but 
the  deposits  are  probably  not  so  rich  and  the  auriferous  gravels  not 
so  extensive. 


The  name  "Kougarok  dintrict"  ^  is  generally  given  to  a  gold-placer- 

iM^rti'ing  region  in  tlie  central  part  of  Sewaril  Peninsula,  dminefl 
mostly  by  Kougaiijk  Kivex*  Tliii>  paper  dcscntj**^  imih  tU«  drainage 
bsiHin  of  this  rivei"  and  the  *»ther  ^ald-btiariiig  streainis  tributary  to 
Kuzitrin  River  from  the  north.    Kruzgamei>a  Eiver,  whose  drainagi^ 

baKin  lies  in  the  Kougarok  pix*tnnet  (see  fig.  IB),  m  considered  eLse- 
wliert*.  in  this  volume  (p.  2CS).  Investigations  Avere  Ijegun  in  this 
field  in  1900  by  the  writer,  assisted  by  A*  J*  Collier,  soon  after  the 
first  aetual  dise^ivery  of  workable  phieers.  This  work  wati  extendetl 
fiy  Ml".  CnllitT  ill  VMW.  Tii  ll)0:i  {ho  district  wns  u^xiuw  exruinTii^d  by 
Messrs.  Collier  and  Hess,  who  prepared  a  paper  for  tliis  volume,  but 
tlie  delay  in  i)ul)licati()n  enabled  the  writer  to  visit  this  field  airaiu 
Ind'orc  tlie  vohnne  was  submitted  for  publieation.''  As  many  n(*w 
facts  have  been  developed  by  the  mininiif  operations  since  Mr.  ('(fi- 
ller's studies  were  !nade,  it  ])as  seemtnl  l)est  to  entirely  rewrite  this 
section  of  the  re|)ort.  'I'lie  notes  of  Messrs.  Collier  aiul  Hess  have  been 
fr(M'ly  drawn  on,  but  the  writer  alone  is  responsible  for  the  conclu- 
sions here  advanced.  Descriptions  of  the  creeks  not  visited  by  tlie 
writer  ha\('  been  (juoted  directly  IVom  their  manuscript.  All  th;' 
sur\('vs  thus  far  made  have  been  preliminary,  and  the  data  obtaintul 
lca\('  nnich  to  be  desired  as  to  the  details  both  of  the  geology  and  of 
the  (list  ril)ut  ion  of  the  placer  u'old. 
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'  An   :il)si  i-jict    of  this  pM|»< 
1<;  I     Isl. 


i>iif;iintMl    ill    Uiill.    I'.    S.   (  m'< 


Survey  No.   .'114.    UX)?.    ni». 
ciilirc  rliainn^o  l)asin  of  Kiizitrin  and   Kriizua- 


'■ 'I'hc   ••!<<. ii;,'iirnk    pi-cciiicl  "■    incliid.'s   the 

IIU'p;!     IMV«M-S. 

'  I'lif  \vrit('i-s  t;isk  \v:is  tendered  plcns.-intcr  and  the  vork  was  much  accvierated  by  ilit> 
liospiiality  and  ciuiiMcsv  shown  liiiii  h\  th<-  opn-aloi-s  and  i)rosp*'ct(>rs  In  Iho  iv^jion  diirini; 
his  icn  da.\s"  visit.  AiiuMii:  th»'  many  Ihat  descrvo  special  mention  aiv  tlie  U-vin;:  Mining* 
<'oni|>;iny.  the  Xoit  li  western  1  >eveh.pnient  Coinp.iny,  J.  M.  iJavidson.  Al  Uarvey.  .loe  I'm- 
TH'f    Ne3s  [.edilisj.   I-:    AUdi'i-^MiL.  n     \iJder^r>n,  ;Hiii  Andrew  .T     Sl.irtt\ 
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The  area  here  considered  is  made  up  of  three  topographic  provinces 
which,  named  from  south  to  north,  are  (1).  a  mountain  mass,  (2)  a 


Fk;.  is.- -Sketch  map  of  Koiijjarok  rejjion. 

lowland,  and  (»3)  a  dissected  upland.  It  is  bounded  on  the  southeast 
by  the  Bendeleben  Mountains,  which  stretch  eastward  from  lower 
Kruzgamepa  Valley  and  form  with  the  Ki^luaik  Mountains  the  bac^k- 


attain  no  gr^al   hoight,  tiit*  hight*st  pt^ak.  Mount  Beudeleben,  beiii[ 
only  2^700  fc^ct  in  altitude.    They  are  deeply  incised  b}^  streams^  which 
4K!cupy  flt pep* walled  valleys. 

The  north wi»Htem  slope  of  the  Bendelebeii  Mountains  descends  to 

11  lowland  lia.^in  houndeii  on  the  north  by  an  upland  and  drained  into 
Iniunik  Basin  by  Knzitrin  River,     Thisi  lowhind  ha^  a  ^vidth  of 

nt'iirly  10  nuhs  at  its  upper  end,  but  gradually  narrows  to  the  south - 
^yi3^i  iiH  the  upland  and  the  riiountainsi  approach,  Ijeeoming  a  well- 
defined  valley  ahoni  *l  miles  wide*  This  valley  extends  about  10  milei^ 
Htid  broadens  out  again  to  a  lowland  which  encircles  the  upi>er  end 
of  Imnriik  Basin,  The  margins  of  the  lowlands  are  indented  by  the 
low  i^piu^s  which  extetid  from  the  niountaios  and  the  upland* 

To  the  north  the  Kuzitrin  lowland  rises  gently  to  an  upland,  whose 
Hut  summits  stand  at  ahitudes  of  800  to  1,600  feet.  Hei^*  broad, 
interstnnim  areas,  with  flat  hilltops,  diversified  by  some  higher 
•domes  reaching  altitudes  of  *2,500  feet,  ai*©  separated  by  wide  valleys. 
This  upland  lev(?l,  as  elsewhere  in  the  peninsuhu  marks  a  former 
stage  tyf  i*rosiom  when  the  entire  region  was  idnnated,  SulistMpieiit 
uplift  formed  a  plateau  which  has  been  gi^eatly  dissected  by  the 
fn'eH4*nt  watrr  i*(an*S4^a 

Kuzitrin  Kiver  drains  the  dintriej  south  westward  to  Imnruk  Basin, 
a  tidiil  inlet  connected  with  the  sea  at  Port  Clai^ence,  This  river 
meanders  sluggishly  across  the  basin  lowland  already  described,  and 
r(M*(Mvcs  numerous  large  tributaries  from  the  north,  the  longest  being 
N().\a[)aga  and  Kougarok  rivers  and  Garfield  Creek.  Several  smaller 
>ir<'ains  licading  in  the  HendelelMMi  Mountains  enter  from  the  south, 
l)iit  \\\v>r  ',\iv  outside  of  the  region  undi*r  discussion.  The  northern 
irihiitarics  rise  in  thi^  uphuid  region  and  How  with  tortuous  courses 
llirongli  \  alleys  of  iri'cgiilar  form,  here  narrowing  between  steep 
rock  walls,  there  l)r()a(l('ning  out  with  gentle  sloj^es,  wliich  are  broken 
at  many  places  hy  gravel-covered  benches.  Heavy  talus  and  exten- 
di \e  masses  of  gronnd  ice  ccner  many  of  the  gentler  slopes  and 
obx'ure  the  bed-rock  form  of  the  valleys,  in  some  places  completely 
()l)litei"ating  all  t()|)ogra|)hic  evidence  of  benches.  Tributary  to  the 
larger  water  conises  are  many  smaller  streams  flowing  througli  nar- 
row, steep- walled  valleys  or  V-shaj)ed  gulches.  AVhere  the  valleys 
are  hroad  (he  floors  are,  in  the  main,  gravel  covered;  where  they  are 
narrow,  bed  rock  is  e\j)osed  at  many  points.  The  characteristic  topo- 
gra|)liic  forms  are  smooth  slo|)es  and  rounded  domes  and  ridges, 
w  liicli,  as  a  rule,  ai'e  broken  by  outcrops  only  at  their  crests. 

A>  elsewhere  in   the   |)euinsnla,  the  dominant  vegetation  is  moss. 
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in  favorable  localities  along  the  valley  floors.  The  hill  slopes  are, 
for  the  most  part,  moss  covered,  with  here  and  there  some  grass.  As 
bed  rock  is  exposed  only  on  the  highest  summits  and  in  the  sharply 
cut  valleys,  it  is  exceedingly  difficult  to  decipher  the  geolog>\ 

GBOIiOGY. 

BED  ROCK. 

The  two  main  stratigraphic  units  described  on  pages  06-70  by  Mr. 
Collier — the  Kigluaik  group  and  the  Nome  group,  with  its  sub- 
ordinate member,  the  Port  Clarence  limestone — are  represented  in  the 
Kougarok  region.  The  limestone  schists  and  granites  of  the  Kiglu- 
aik group  make  up  the  Bendeleben  Mountains  and  stretch  along  the 
southern  margin  of  the  region  here  described.  These  rocks,  so  far  as 
known,  are  not  gold  bearing  in  this  district,  and  need  no  further 
description  here.  This  older  group  is  separated  by  tlie  broad  belt 
of  alluvium  that  floors  Kuzitrin  Valley  from  the  schists  and  lime- 
stones of  the  Nome  group,  which  form  the  country  rock  of  the  up- 
lands and  are  the  source  of  the  placer  gold.  Here  the  Nome  group 
is  clearly  divisible  into  two  meml>ers — (1)  the  Port  Clarence  (?)  lime- 
stone and  (2)  a  succession  of  graphitic  phyllites  and  quartz  schists,* 
mica  and  greenstone  schists,  and  some  beds  of  semicrystalline  lime- 
stone. The  Port  Clarence  limestone  of  this  region  is  much  more  crys- 
talline than  that  in  the  type  exposures  to  the  west.  (See  p.  73.) 
The  schist  series  is  closely  folded  and  faulted,  and  its  stratigraphic 
relation  to  the  massive  limestones  has  not  been  definitely  established. 

Whatever  the  stratigraphic  relations  are,  the  fact  of  the  occurrence 
of  two  series,  one  essentially  schistose  and  the  other  a  massive  lime- 
stone, is  well  established.  The  limestone  forms  the  country  rock  in 
two  large  areas.  One  of  these  with  an  oval  outline  lies  between 
Kougarok  and  Noxapaga  rivers.  The  other,  more  irregular  in  form, 
lies  to  the  west,  partly  in  the  Kougarok  and  partly  in  (he  American 
basin,    Between  the  two  is  a  belt  of  closely  folded  and  faulted  schists. 

Besides  these  sediments  there  are  several  types  of  igneous  rocks  in 
this  province  or  immediately  adjacent.  Greenstone  schists,  probably 
altered  intrusives,  occur  with  the  schistose  ro(;ks.  Dioritic  rocks, 
s?ome  massive  and  some  more  or  less  schistose,  are  common  among  the 
schists  as  dikes  and  small  storks.  A  large  stock  of  granite  outcrops 
a  few  miles  northeast  of  the  Kougarok- Arctic  divide.  A  noteworthy 
hot  spring  occurs  near  the  margin  of  this  gi'anite  mass.  In  upper 
Kuzitrin  Valley  a  large  area  is  occupied  by  a  basaltic  lava  stream  of 
recent  age.    (See  PI.  XI,  in  pocket ;  also  p.  101.) 

■  In  former  reportR  the  sraphltlc  schists,  which  form  a  well-doflned  oast-west  belt  about 
2  miles  wide  and  parallel  to  lower  Kuzitrin  River,  were  mapped  as  a  stratigraphic  unit 
under  the  name  **  Kuzitrin  series.*'  Tbene  rocks  are  here  included  in  the  Nome  group. 
flee  p.  70. 
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HOLD    PLACERS^    OF   HEWAKD    l^KN  INSULA, 


As  in  othpr  pliir<*r  districts  of  ihe  pcmliisula^  the  snhist<y^e  rocks 
apiKiir  to  be  tlie  ^snirw  of  the  pl»M'er  guUL  Quartz  seaiu*^  and  small 
veins  are  ooitimon  in  the  KchiBts,  and  many  arft  iron  stained.  Pros^ 
l>ec'tors  my  that  ncmie  of  these  veins  earry  gold,  and  it  is  rejiorted 
tliat  a  cop|KT-r>earing  lode  lias  lM.»eii  found  near  I  he  divide  iKitween 
Kougarok  and  Serjientine  nvprs,  but,  m  far  as  known  to  the  writer, 
no  kxles  of  iirovrd  eornniereial  rahte  have  yet  lan^n  discovere<L 
There  appear  to  have  been  two  generations  of  quartz  intrusions. 
Tht!  earlier  preceded  the  extensive  deformation  of  the  sehists^  for 
its  veins  are  rnished  and  sheared.  The  later  intrusion,  which  cuts 
tile  first  system  of  veins  and  is  eoniparatively  little  deformed,  appears 
more  niinerali^^d  than  the  first.  Tlie  jiresence  of  a  massive  granite 
iutrusion  near  the  later  quartx  suggests  a  genetie  relation  between 
this  quartz  and  the  granite,  but  of  this  there  is  no  proof. 

The  evidence  in  this  district  lends  additional  support  to  the  opin- 
ion set  forth  elsewhere  (p.  122),  that  the  locus  of  mineralization 
is  at  or  near  the  contacts  Ix^tween  the  schists  and  the  limestones. 
The  geologic  map  (PL  XI ^  in  pocket)  shows  a  close  correspomlenee 
iM^tween  the  contacts  of  the  limestone  and  schist  and  the  Iniown  dis- 
tribution of  the  placer  goKi* 

ALLUVIUM, 

The  genesis  and  correlation  of  scjiue  oi  the  alluvial  deposits  of  this 

[u'iiviu(*o  ]>n*st'iit  problems  wIhjsc  sohitioii  must  snvait  more  dettuled 
surveys  than  have  yet  been  made.  The  gravels  of  the  present  streams 
and  associated  b(Miches  are  of  simple  genesis,  but  the  origin  of  the 
(hM'j)cr  deposits  of  the  Kuzitriu  lowland  and  of  Quartz  Creek  is  less 
easily  e\|)huned.  The  alluvial  deposits  fall  into  three  groups,  which 
ill  order  of  age  are  as  follows:  (1)  The  gravels,  sands,  and  clays 
that  floo!"  the  basin  lowlands  and  underlie  the  modern  gravels  of  a 
])art  of  the  Quartz  Creek  basin;  (:>)  the  bench  gravels,  such  as  occur 
along  Kongarok  Valley;  and  {'^)  tli(»  [)resent  stream  gravels. 

The  gravels,  sands,  and  clays  of  the  basin  lowlands — the  oldest 
nlln\iuni — are  known  only  whei'e  exposed  by  river  erosion.  They 
consist  chiefly  of  grav(^ls  and  sands  that  are  somewhat  finer  than 
th()s(^  of  the  pi'esent  streams.  FragnuMitary  evidence  from  drill  rec- 
ords indicates  that  nnich  of  the  basin  is  filled  by  clays,  which  were 
j)r()bal)ly  deposited  in  a  large  body  of  water,  such  as  a  lake  or  an 
e^tuaiy.  However,  the  surface  dej)osits  of  gravel  and  sand  in  the 
Kiizitrin  basin  j)robal)ly  do  not  as  a  rule  exceed  'JO  or  IM)  feet  in  depth. 
Hut  outside  of  the  basin,  in  the  more  constricted  ])art  of  tlie  valley, 
the  gra\'el  de|)osits  ai'c  j)robably  nuich  decj^er. 


i 
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gravels  in  benches  at  still  higher  altitudes  are  reported,  but  have  not 
been  examined.  These  bench  gravels  are  of  the  same  character  as  the 
alluvium  of  the  present  streams  and  appear  to  contain  no  material 
foreign  to  the  basins  in  which  they  occur.  Quartz  pebbles  usually 
predominate  among  the  gravels,  and  much  of  the  material  on  and  close 
to  bed  rock  is  rather  angular.  A  well-defined  gravel  terrace  lies  west 
of  the  Kougarok,  extending  from  the  mouth  of  Quartz  Creek  to  the 
point  where  the  river  emerges  from  the  upland.  East  of  this  point 
the  terrace  is  traceable  along  the  southern  margin  of  the  upland  as 
far  as  Turner  Creek  by  remnants  of  a  gravel  sheet,  much  of  which 
has  been  removed  by  erosion.  At  the  mouth  of  Quartz  Creek  the 
gravels  are  about  75  feet  thick  and  can  be  traced  up  that  stream 
nearly  to  Dahl  Creek.  This  gravel  bench  on  Quartz  Creek  includes 
at  least  two  unconformable  layers,  and  the  uplift  which  raised  it  to 
its  present  position  was  differential.  The  genesis  and  physiographic 
significance  of  this  deposit  are  considered  on  page  805. 

The  stream  gravels  constituting  the  third  and  latest  type  of  allu- 
vium are  better  known  than  those  of  the  other  two  types.  They  vary 
in  character  according  to  their  occurrence.  Nearly  all  the  developed 
placers  are  in  these  gravels.  So  far  as  known,  they  carry  only 
material  derived  from  the  basins  in  which  they  are  found.  Much  of 
the  surface  material  is  well  rounded  and  very  coarse,  but  many  of  the 
pebbles  next  to  bed  rock  are  subangular.  Quartz  is  usually  the  pro- 
dominant  constituent  of  the  pebbles.  In  some  streams,  as  Kuzitrin 
River,  the  gravel  bars  are  made  up  of  iron-stained  quartz,  almost  to 
the  exclusion  of  other  material.  Sands  and  some  clay  are  int^Tbedded 
with  the  stream  gravels,  forming,  however,  but  a  small  percentage 
of  the  bulk  of  the  alluvium.  In  all  the  smaller  streams  and  in  parts 
of  the  larger  ones  a  bed  of  clay  or  sandy  clay,  in  which  more  or  less 
vegetable  matter  is  intermingled,  forms  the  topmost  layer.  This 
surface  bed,  which  is  called  "  tundra  "  by  the  miners,  ranges  in  thick- 
ness from  2  to  30  feet  and  appears  to  be  a  subaerial  accumulation,  due 
in  part  to  the  decay  of  vegetable  matter  and  in  part  to  the  deposition 
of  silt  during  the  rainy  seasons.  Though  sometimes  explained  as  a 
lake  deposit  by  the  miners,  its  distribution  and  character  si»ein  to  pre- 
clude lacustrine  origin. 

Another  type  of  alluvial  deposit  which  deserves  mention  is  the 
ground  ice,  which  oc*curs  more  extensively  than  in  the  Nome  region. 
Along  the  northward -facing  slopes  of  the  valleys  this  ice  forms  in 
many  places  almost  continuous  layers  for  several  miles.  It  ranges  in 
consistency  from  a  frozen  mud  to  almost  pure  ice.  Fragments  of 
beaver-gnawed  wood  have  been  found  in  it  at  a  numlx^r  of  places. 
The  ice  beds  as  a  rule  slope  with  the  valley  wall  and  in  places  extend 
up  the  hillside  to  a  height  of  100  feet  above  the  stream.  This  ice  can 
probably  be  explained  In^st  as  the  accumulaticm  and  subsequent  solidi- 
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litrttion  of  wintor  i^now,  wlii^^li  1ms  tx*ronK*  hurioil  by  the*  tahiJ?  iLnd 
alhiviuin.  Tlu*  thit^k  (.H>ai  of  mosH,  once  I'stablishLMl,  effect ually  pi*e- 
vents  its  tiiiiwiug.  This  gmiuul  icf  is  ii  tx)n,stniit  !^>tin*t?  of  trouble 
and  expense  to  the  ditdi  owners. 


RKCENT    OKOTjOGIC^    lITSTOnY, 
INTRODUCTION. 

Tlie  genesis  of  the  present  land  fomis,  an  well  as  of  the  alluvi 
do  posits,  is  ^o  t'losely  trkted  to  the  occurrence  of  the  plticen?  thi 
referc*ni:e  to  thin  plias**  of  tlu^  gf'ologi'  in  discussing  the  placers  i^ 
unavoidable,  though   many   of   the  conclusions   advanced   must 
regarded  as  only   tentative.     In  the  foregoing  description  of  thi 
topography  eniphaHis  has  been  laid  on  its  simplicity,  yet  when  it 
suboiitte*!  to  tinal  uniilysis  in  terms  of  physiographic  devehipitiem 
the  suecessioii  of  earth  mcjvements  by  which  the  present  lantl  fori 
were  rvolved  is  found  to  1h?  complex. 

Coilier"  has  i^ecogni^ed  four  periods  of  erosion  in  this  and  the 
adjarrnt  provinces.  The  topographic  features  constituting  tlic  evi 
dence  for  thes*?  periods  he  1ms  termed  (1)  the  Niiluk  l*hileu 
(2,000-2,100  feet),  {'2)  the  '•  Kugi^uk  "  *  Plateau  (1,000-l^WJ  feet) 
(3)  the  York  Plateau  (KiO^itX)  feet),  and  (4)  the  lowland  plai 
(0-200  feet).  OoUiers  type  localities  for  these  topogi^iphic  features 
are  mostly  west  of  the  area  here  under  discussion.  Moffit,^  who  has 
studied  tlio  roiifion  to  the  nortlieast,  recoirnized  only  two  of  these 
(vcles  of  erosion,  represented  by  renmants  of  an  upper  plateau  stand- 
ing at  an  ahitude  of  1,000  to  1,400  feet,  wliieh  he  correlates  with  the 
*•  Knsrruk  '*  Plateau,  and  a  lower,  wliich  represents  the  same  rycle  as 
Collier's  most  recent — that  of  the  lowland  plains. 

The  writer  was  unable  to  find  definite  j^roof  that  four  well-defined 
cycles  of  erosion  have  occurred  in  the  Kougarok  district.  The  indi- 
cations are  that  most  of  the  level  and  Hat-t()j)j^ed  ridges  and  domes  are 
the  |)ro(luct  of  one  extcMided  cycle  of  erosion  and  that  their  present 
(litferences  of  altitude*  are  due  to  differential  uplift.  The  suggestion 
made  in  a  j)revious  report '^  by  the  writer,  that  certain  rock  l)enches 
found  at  altitudes  of  1.000  to  1,700  feet  were  of  marine  origin,  has  not 
l)e(Mi  confirmed  by  latei'  work,  but  the  genesis  of  these  huul  forms  is 
still    unexplained.      However,    the    |)resence    of    well-defined    stream 
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"Collier.  A.  .T..  K(  connnissaiut'  <»r  thn  iioriliwostorn  portion  of  Soward  IVninsiila. 
Alaska:    Tiof.    paper   1'.   S.    (UhA.   Survey   No.    L'.    11>()L'.    pp.   ;>.4-4:?. 

'At  the  time  Collier  wrote  KiiuMuk  was  the  accepted  si)elliiijLi:  for  tlie  river  now  known 
MS    the    Koui^arok. 

'"Moflit.  V.  H.,  The  Fairhaveii  i,'n]<l  plaieis.  Sewaid  Peninsula.  Alaska:  Bull.  V.  S.  (Jool. 


THE   KOUGAROK   REGION.  801 

benches  in  the  existing  valleys  proves  that  the  uplift  after  planatioii 
was  intermittent,  and  it  is  possible  that  some  of  these  benches  were 
formed  during  one  of  the  later  cycles  described  by  Collier.  The 
problem  is  intricate,  for  if  there  were  several  cycles  of  erosion  it  is 
evident  that  the  last  extensive  one  must  have  largely  obliterated  the 
topographic  evidence  of  any  that  preceded  it. 

Collier  has  correlated  a  plain  of  denudation,  which  he  recognized  in 
the  flat-topped  spurs  of  Midnight  and  Kougarok  mountains,  with  a 
plain  marked  by  the  summit  level  of  the  York  Mountains  and  associ- 
ated domes,  which  he  called  the  Nuluk  Plateau,  but  the  evidence 
hardly  seems  conclusive.  It  appears  equally  probable  that  there  may 
be  uplifted  portions  of  the  peneplain  which  is  strongly  marked  in  this 
district.  In  the  opinion  of  the  writer  the  only  well-defined  peneplain 
is  recorded  in  the  general  summit  levels  of  the  upland  that  now  stands 
at  altitudes  of  800  to  2,000  feet,  and  this  he  would  correlate,  as  Moffit 
did,  with  Collier's  "  Kugruk  "  Plateau.  At  the  west  end  of  the  penin- 
sula a  well-marked  elevated  surface  of  erosion,  called  the  York 
Plateau,*  was  traced  eastward  by  Collier  along  the  seaward  front  of 
the  York  Mountains.  With  this  he  correlated  certain  low  benches 
and  flat-topped  spurs  in  the  Kougarok  district.  In  the  opinion  of 
the  writer  the  facts  bearing  on  this  point  admit  of  different  interpre- 
tation. The  York  Plateau  throughout  much  of  its  extent  is  an  up- 
lifted plain  of  marine  denudation,  and  no  evidence  appears  that  any 
considerable  inland  areas  were  base  leveled  at  the  time  that  it  was 
formed.  Therefore  it  would  seem  that  the  inland  equivalent  of  this 
marine  benching  will  be  found  among  the  benches  along  the  present 
valleys  rather  than  as  a  peneplain.  If,  then,  the  York  Plateau  can  be 
correlated  with  any  of  the  topographic  features  of  the  Kougarok  dis- 
trict, the  proper  correlation  is  with  the  stream  benches  of  the  present 
drainage  channels. 

Collier's  fourth  epoch  of  erosion  left  its  record  in  the  coastal  plains 
and  inland  basins,  and  these  he  grouped  under  the  name,  "  lowland 
plains."  There  is  but  scant  evidence  as  to  the  form  of  the  rock  floor 
of  the  lowland  areas,  but  probably  it  is  in  general  flat,  with  no  great 
thickness  of  alluvial  covering.  The  bed-rock  floor  of  the  coastal 
plains,  in  the  lack  of  evidence  to  the  contrary,  might  be  ascribed  to 
marine  denudation ;  the  extensive  inland  basins,  however,  such  as  that 
of  the  Kuzitrin  lowland,  must  be  the  product  of  a  long  period  of 
erosion.  Though,  as  will  be  shown,  the  sea  probably  invaded  this 
basin,  yet  this  was  but  a  minor  event  in  its  history  and  throws  no 
light  on  the  origin  of  the  depression  itself. 

The  relation  of  the  northwestern  margin  of  the  Kuzitrin  lowland 
to  the  upland  is  obscured  by  the  presence  of  a  heavy  bed  of  gi^avel, 

«  Brooks,  A.  H.,  Reconnaissances  In  the  Cape  Nome  and  Norton  Bay  regions,  Alaska,  In 
1900,  a  special  publication  of  the  L\  S.  Geol.  Survey,  1901,  p.  52. 


uJrftfldy  wfoj'i^d  to  {p.  298),  I(  rtpi>erirs,  1iowe\*er,  quite  jx^ssiljle 
tlmt  thu  rork  ihmv  of  the  ImHiii  merger  wilfi  tlie  gentle  wlopi^s  of  the' 
ii(>huid,  wliieli  liaK  \ivvn  ik^^scrilA'd  as  a  phniatiHl  siirfacp.  Surh  ii 
rolatiun  was  suggested  by  the  diameter  of  thi^  tojjo^mphy  uluiig  IIr* 
I  mil  frun*  Paid  Crwk  tn  Kou^arnk  Vallev.  Here  the  upland  fall^^ 
*ifl'  ia  tiu*  tiuvih  wirh  n  gmitU*  slope  from  an  altitude  of  atHjut  HW 
f(4?t  to  about  200  te^t  and  then  passes  imdettie^th  the  gravel  tenmcw 
that  bounds  the  Kou^arok  Valley*  An  exteusioti  of  the  same  sIo|h* 
wfudd  carry  it  imderneatli  the  ^jravel-thMU-etl  Kuzitriii  basin.  The 
writer  ex])lainH  this  feiitrnti  as  iin  ertjsioti  surface  that  ha8  betni 
warped.  If  the  ha^^in  lowland  has  Hueh  a  struetural  origin,  it  is  prob 
able  that  its  juargin  may  \n^  faulted  in  places.  This  wtnjid  aeeourit 
for  the  abrupt  local  tmnsitions  fi'^nn  the  valley  floor  lo  the  upIaniL| 
Warping  nuiy  liave  influeju^^d  tlu*  formation  of  tfu^s**  fmsins  al^o  b^ 
causing  local  barriers  that  brought  aUnit  headwati^r  erosimu  Thai 
e%identt*  presented  in  Otdlier's  report.s  us*  to  the  warping  of  the  old 
land  surfaces  is  eonchisive,  ami  only  the  ejcteiit  and  time  of  thii*  warp- 
ing (*an  be  called  in  question* 

Roth  JMoffit  and  CoUit^r  have  called  attention  to  the  gradual  tran- 
sition lietwwn  the  cfaistal  plains  and  the  uplands  of  the  northern  jniH 
of  Seward  Peninsula.  The  topographic  map  (PL  IX*  in  [mckeU 
iit^ars  out  this  interpretation  of  the  topography,  for  ever>nvhere  aloni? 
tl»e  noHhern  margin  of  the  {leninsida  this  gradmil  transition  m^ 
evident.'^ 

(hie  feature  of  tlie  rock  floor  of  the  Kuzitrin  basin  deserves  special 
iiieiition.  Near  the  entrance  of  Dahl  Creek  into  Quartz  Creek,  a 
lril)utarv  of  Kouizai'ok  River,  a  shaft  has  been  sunk  to  a  (lej)tli  of  1S7 
f(M't  and.  ahh()u;Lrh  within  50  feet  of  sea  level,  has  not  reached  h(Ml 
rock.  Th(^  ex|)()sur(»s  of  bed  rock  in  adjacent  areas  indi(^ale  that  at 
this  locality  a  (lej)i*cssi()n  exists  in  the  bed-rock  flooi*,  but  the  data 
at  liand  are  insufhcient  to  deiine  its  limits.  It  is  also  inij)ossible  to 
account  for  this  depression,  but  the  suggestion  may  be  oflei-ed  that  it 
i->  of  structural  oj-igin.  If  it  was  a  channel  of  erosion  its  outlet  is 
not  apj)arent,  because  so  far  as  known  it  is  cut  oil"  from  the  s(»a  on 
all  sides  by  higher  bed  rock.  It  may,  however,  be  the  renmant  of  a 
cliaiiucl  wliicJ!  for-uierly  discharged  into  Norton  Bay  through  Koyuk 
\'allcy  and  which  was  blocked  by  the  recent  lava  How  at  the  up])ci' 
end  of  the  Kuzitrin  lowland. '^ 


"  Tlh"   writer  lias  clsewlifrc  (]is<Miss<'(l   similar  warptMl   ptMioplalns  aud   llifir   rclalioiis   lo 
•  asfal   plains.      S.m-  <  ."cn-rMpliy  and  u'cojo-y  <»f  Alaska  :    I'rof.   Papor  \  .  S.  (Jool.   Snrvry  No. 

..  r.Kic.  pp.  l:7<".  uso,  l'sc,  -jpo. 
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SEQUENCE  OF  GEOLOGIC  EVENTS. 

ITiis  section  treats  only  of  the  recent  geologic  history.  The  various 
periods  of  sedimentation,  deformation,  intrusion,  and  metamorphisni 
from  which  the  hard  rocks  have  resulted  have  been  discussed  by  Mr. 
Collier  elsewhere  in  this  report  (p.  60). 

In  the  opinion  of  the  writer  the  present  topography  may  be  traced 
through  four  chief  epochs — (1)  planation;  (2)  general  uplift,  with 
local  depressions  permitting  the  invasion  of  the  sea;  (3)  stream  dis- 
section, marine  benching  along  the  coast,  and  sedimentation  in  local 
areas;  and  (4)  uplift,  with  dissection. 

PLANATION. 

It  has  been  pointed  out  that  certain  high,  flat-topped  domes  and 
spurs,  ranging  from  2,000  to  2,700  feet  in  altitude,  may  be  the  rem- 
nants of  a  dissected  peneplain,  as  show  n  by  Collier.  Within  the  prov- 
ince here  under  discussion,  however,  the  evidence  of  this  old  surface 
of  erosion  is  too  fragmentary  to  prove  or  disprove  this  theory.  But 
it  can  be  definitely  asserted  that  if  there  was  an  earlier  epoch  of 
planation  little  indication  of  it  is  left  in  the  present  topography. 

Throughout  the  peninsula  the  flat-topped  ridges  and  domes,  rang- 
ing in  altitude  from  800  to  2,400  feet,  are  among  the  most  striking 
features  of  the  topography,  and  they  have  been  generally  interpreted 
as  the  remnants  of  an  uplifted  and  dissected  peneplain.  Some  of  the 
best  examples  of  this  feature  are  found  in  the  Kougarok  district, 
where  extensive  smooth,  flat-topped  interstream  areas  characterize 
the  topography.  To  an  observer  standing  on  one  of  these  prominences 
the  old  plain,  represented  now  by  the  summit  levels,  appears  to  sweep 
off  toward  the  horizon  gently  rolling  and  unbroken,  save  for  an  occa- 
sional dome  or  rocky  crest  which  stands  above  it.  In  such  a  view  the 
valleys,  unless  close  at  hand,  are  almost  completely  lost  sight  of,  for 
their  bounding  ridges  coincide  with  the  general  level.  There  can  be 
little  doubt  that  this  is  an  uplifted  erosional  surface  which  had  prob- 
ably been  reduced  nearly  to  base-level,  or  at  least  to  a  mature  state 
of  dissection.  The  form  of  the  valleys  furnishes  additional  evidence 
of  the  base-leveled  character  of  this  uphind.  Their  tortuous  courses 
have  evidently  resulted  from  incised  meanders  inherited  from  the 
drainage  system  of  a  previous  period. 

This  peneplain,  for  such  it  may  be  called,  is  gently  rolling  and 
contains  many  minor  ridges  and  depressions.  Some  of  these  irregu- 
larities are  without  doubt  an  inheritance  from  the  former  cycle,  but 
they  are  believed  to  have  been  largely  caused  by  warping  after  the 
peneplain  was  formed. 
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LurrnRKNTiAL  tPiarr. 


After  this  i>eriod  of  pUnutioii  cam*^  differential  uplift  with  local 
(bpn^sKions.    The  eeiiirni  Jixix  of  the  peninsula,  lying  north  of  Kiizi- 
triii  River,  i^as  ekvated  to  at  least  1,000  feet,  while  depression  probJ 
ably  took  place  along  its  border.     The  writer  is  not  periaonally  family 
iar  with  the  coa^st  along  the  Arctic  Ocean,  but  the  published  descrip-] 
tions  and  the  topographic  maps  suggest  at  least  that  the  peiieplaittj 
surface  lies  underneath  the  gravels  of  the  coastal  plain.    It  has  beei] 
shown  that  along  the  southern  margin  of  the  upland  the  old  pene 
[ilain  appears  to  pass  underneath  the  alluvial  filling  of  the  Kuzitriia 
basin. 

As  this  peneplain  was  fonnf^d  under  subaerial  conditions,  it  is"' 
evident  that  the  part  of  it  now  btuied  under  alluvium  must  have  been 
depressed  wheJi  the  n^st  of  the  area  was  uplifted.  In  other  words, 
the  movement  was  differential  and  the  result  was  a  warped  land  sur- 
face. In  at  least  one  hxrality  (Quartz  Creek  valley)  a  sharp  flexure 
of  the  old  land  stirfare  is  indicated.  M 

But  this  movement  did  not  take  place  at  once,  for  the  benches," 
htjth  marine  and  sti*eam,  as  well  as  the  character  of  the  sediments, 
indicate  several  stages  of  active  deformation  separated  V>v  perio<ls  of 
quiescence  during  which  erosion  and  sedimentation  took  place.  Be- « 
cause  of  these  facts  no  sharp  line  can  be  drawn  between  this  and  ihm^ 
succeeding  cycle.  Some  movement  took  place,  but  the  first  was  the 
period  of  the  more  far-reaching  orographic  disturbances.  It  has 
been  stated  tliat  tlie  Kuzitrin  Icnvland  was  at  about  this  time  invaded 
by  the  sea;  this  implies  a  sul)niorgence  of  the  lowland  surrounding 
Iinuruk  l)asin  and  of  a  portion  at  least  of  Kruzgamepa  Valley.  Tlio 
('vi(l(Mi(v  of  this  submergiMice  lies  both  in  the  form  of  the  basin  and  of 
(he  adjacent  territory  and  in  the  character  of  some  of  the  sediments 
wiiich  it  contains.  A  log  about  GO  feet  long,  which  must  have  been 
brought  in  by  ocean  currents,  has  been  found  in  these  sediments. 
The  area  sul)nierged  possibly  included  the  upper  part  of  the  Kuzitrin 
basin,  which  is  now  covered  by  recent  lava  tiows,  and  this  inland  sea 
may  have  been  connected  with  Norton  Sound  by  a  strait  through  the 
depression  now  occupied  by  Koyuk  River. 


STKKA.M    DISSKC  TION    AM)   SEDIMENTATION    IN    IX)CAL   HASINS. 

It  is  believed  that  at  the  close  of  the  first  and  more  intense  period 
of  deformation  the  land  stood  at  a  somewhat  lower  level  (-200  to  500 
feet  lower)  than  it  does  now  and  that  a  period  of  quiescence  followed, 
permitting  extensive  stream  dissection  and  marijie  IxMiching  alon<x 
the   coa^i.     During    thJ^    peri  ml    inn-i    of   tlie    present    vallev>   were 
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AVTiile  the  drainage  channels  were  being  incised  sediment  was  de- 
posited in  the  Kuzitrin  basin,  then  an  arm  of  the  sea.  It  has  been 
j^hown  that  the  character  of  this  sediment  is  but  imperfectly  known. 
Underneath  Quartz  Creek  valley  there  are  nearly  200  feet  of  white 
quartz  gravels,  which  would  appear  to  \>e  the  result  of  the  denudation 
of  the  old  planated  land  surface.  Such  quartz  gravels,  many  of 
which  are  not  greatly  rounded,  are  most  likely  to  have  come  from  an 
area  which  had  been  long  subjected  to  subaerial  decay.  Their  accu- 
mulation was  probably  brought  about  by  rapid  erosion  aiid  sedimen- 
tation, which  would  indicate  rapid  uplift.  It  has  been  stated  that 
both  rounded  gravels  and  sands  occur  on  the  lower  part  of  Quartz 
Creek  and  in  a  terrace  along  the  west  bank  of  Kougarok  River,  and 
that  these  are  believed  to  be  of  about  the  same  age  as  the  white  gravels 
described  above.  They  probably  represent  a  somewhat  later  period 
of  deposition,  when  the  materials  had  become  more  waterw^orn  by 
stream  action  and  more  or  less  sorting  had  taken  place. 

The  explanation  of  the  occurrence  of  the  clay  deposit  underneath 
the  Kuzitrin  lowland  proper  is  still  more  difficult.  Perhaps  an 
attempt  to  explain  this  deposit  is  useless  when  so  few  facts  regarding 
it  are  available.  If,  as  is  probable,  this  clay  bed  is  extensive  under- 
neath the  Kuzitrin  lowland,  it  is  probably  a  deposit  in  deeper  water, 
laid  down  at  the  same  time  as  the  gravels  described  above.  Li  other 
words,  it  is  the  result  of  sedimentation  in  the  central  part  of  the 
embayment  along  wliose  margin  the  gravels  and  sands  of  fluvial 
origin  were  laid  down.  This  clay  may,  however,  be  a  glacial  mud, 
derived  from  the  valley  glaciers  of  the  Bendelel)en  Mountains,  which 
were  the  locus  of  an  ice  accumulation  in  recent  time.  Opposed  to 
this  genesis  for  the  clays  is  the  fact  that  the  glaciation,  which  was 
confined  to  a  very  small  area,  occurred  at  a  somewhat  later  period. 
One  additional  fact  de^serving  mention  is  that  the  few  borings  made 
in  these  clays  encountered  several  layers  of  vegetable  matter  which  is 
in  every  way  similar  to  the  present  tundra  growth.  This  indicates 
that  deposition  in  that  part  of  the  basin  where  the  clay  has  been 
found  has  been  interrupted  by  periods  when  the  land  stood  above 
water  long  enough  to  i)ermit  a  covering  of  vegetable  growth. 

The  gravels  of  Quartz  Creek  comprise  two  unconformable  series. 
This  indicates  a  period  of  erosion  which  interrupted  sedimentation 
and  must  have  been  brought  about  by  orogenic  movement.  Though 
the  fact  is  important  from  the  standi)oint  of  the  i)hicer  miner,  as  th(». 
upi^er  gravels  alone  have  thus  far  been  found  to  be  gold  bearing,  it 
is  probably  of  no  great  physiographic  import.  It  simply  shows  that 
there  were  repeated  oscillations  of  the  land.  More  detailed  studies 
will  probably  disclose  the  identity  of  age  of  this  uncomformity  with 
one  of  the  layers  of  vegetable  matter  in  the  clay  deposits  of  the  cen- 
tral part  of  the  basin. 
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rrurr  with  i>is«kctiun\ 

The  prcj^mit  topnpruphic  cycle  wat*  \mgmi  by  general  elevation, 

\\]\ir\i  thi'tJitn^h  II  series  of  intemiitleiit  ufjHfis  brought  tht*  i*ntin* 
Ijruviiiir  in  jls  pre^seiit  jumillun  rehitivt^  U)  s<^h  b*vi.*U  Likt*  iht*  pi-et^etl- 
Jiig  orogrnj>lii</  i|ij*tnrliances,  ih&m  uplifts  were  diffei^eiitial  and  in 
sonu'  Itjcalitios  were  lUvonipunicHl  !>y  tUnvnwanl  wiirping*  The  h*^i4 
vKmuph  of  Kink  in  j^  is  tlie  TiilcHnk  Clmnnel,  a  tidal  waterway  which 
i?omiectH  Imnruk  Banin  with  Bering  Sea.  Collier*  has  shown  that  in 
the  York  region  there  is  indisputable  evidence  of  warping  winee  the 
York  Plateau  was  cut. 

It  m  shown  in  th«  deseriptimi  of  tlie  Quartz  Ct'cek  plac^i^  that  the 
thivinl  dt^[Josits  of  this  urea  have  In^en  lorntlly  de|)ressed.  The  l>est 
evidence  of  flepres^iion  is  the  lujrtlnvest  itip  under  the  valley  shown  hy 
the  lunieh  gravels  on  the  HoutheaBt  mle  of  Dahl  Creek-  As  a  ix*55ult^ 
(gravels  of  the  same  hofisfion  urn  f(nin<I  in  both  the  beueli  and  the 
CJXt*k. 

The  presencT  of  stream  bendies  at  various  altitudes  in  Kniignrok 
Valley  and  sonu*  of  its  tributaries  is  interjireted  as  signifying  thut  the 
last  uplift  was  interrupted  by  intervalH  of  tranquillity  lon^  enough 
to  (K^nnit  nnmiderabie  stream  eutting.  A  discussion  of  this  phase  of 
the  ]>hysiographie  history  will  have  to  await  more  complete  tield 
h-tudies.  The  i-clation  of  the  ^itream  cutting  to  the  gold  vahias  in  th<* 
jjhirers  is  important,  for  in  some  ]>hiees  the  dissection  of  thi^  aui'iff^r- 
ous  bench  gravel  has  led  to  an  enrichment  of  the  placers  of  present 
stream  gravels. 

This  last  cycle  resulted  in  the  ]n*esent  topography.  The  stream^  arc 
>till  lowering  their  grades  and  are  actively  at  work  extending  their 
diainam'  basins. 


Tin:    COLD    PLA(  KHS. 

MINING   DEVELOPMENT. 

This  disti'ict  was  probably  visited  by  prospectors  as  early  as  the 
summer  of  ISDD.  hut  the  first  locations  wimv  not  made  until  the  winter 
{){'  [s\)\)\\H){).  and  thert'  was  no  actual  discovery  of  gold  until  the 
following  suuiuier.  A  rush  from  Nome  to  the  new  field  took  place 
in  Mar<'h.  IIMK).  and  another  in  July  of  the  same  year.  The  fij-st 
claim  staking  in  March  was  on  Harris  Ci'eek.  and  in  July  gold  was 
found  on  (vhiarl/  and  (Jarfield  ci'eeks.  In  August  and  SeptiMuber 
cousidei'able  gold  was  taken  out  of  the  shallow  placers  of  the>e  two 
creek-".  Meanwiiih*  gold  had  been  found  on  the  Kougarok  and  on 
ian\  of  Ik  hibiMaiie^.  bul   iici  i  Inim-  were  npened  u|k     In    \W]   there 
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rapidly  exhausted  and  no  very  rich  gold  had  been  found  on  other 
creeks.  The  remoteness  of  this  field  from  transportation  facilities 
discouraged  prospectors,  unless  they  were  heavily  backed  financially, 
and  there  were  no  bonanzas  to  give  an  impetus  to  mining.  Probably 
the  most  important  discoveries  were  those  of  Kougarok  River,  but 
these  could  be  exploited  only  by  individual  miners  during  low  stages 
of  flow,  and  sudden  freshets  often  destroyed  the  work  of  weeks  of 
preparation.  So  mining  interests  in  the  Kougurok  district  may  be 
said  to  have  lain  dormant  for  several  years,  though  some  gold,  chiefly 
from  Dahl  Creek,  was  produced  every  year.  AVhen  ditches  were 
successfully  constructed  at  Nome,  a  renewed  interest  in  these  outlying 
placer  fields  arose.  In  1903  T.  T.  Lane  constructed  the  first  long  ditch 
in  the  district,  from  the  head  of  Coffee  Creek  to  a  bench  at  the  mouth 
of  Dahl  Creek.  In  the  following  years  many  more  ditches  ^yere 
planned  and  surveyed.  In  1905  and  1906  ditch  construction  went  on 
with  feverish  activity,  and  by  the  end  of  the  summer  of  1900  upward 
of  100  miles  of  ditch  were  planned,  about  half  of  which  was  com- 
pleted. 

One  of  the  larger  ditches  is  the  North  Star,  which  extends  from 
Arctic  Creek,  on  the  east  side  of  the  Kougarok,  to  the  mouth  of 
Taylor  Creek,  and  up  that  stream  about  10  miles,  a  total  length  of 
15.2  miles.  The  Cascade  ditch  takes  water  from  Taylor  Creek  about 
6  miles  upstream  and  discharges  at  the  mouth  of  the  creek.  Both  of 
these  ditches  were  completed  in  1900.  The  Kougarok  Mining  and 
Ditch  Company  had  one  ditch  in  operation  in  1900  and  two  more 
partly  constructed.  Of  these  the  Homestake  ditch,  which  heads  on 
the  Kougarok,  3^  miles  above  Macklin  Creek  and  discharges  at  the 
mouth  of  Homestake  Creek,  with  a  head  of  172  feet,  was  completed 
in  1905.  Work  has  been  begun  on  the  Altoona  ditch,  which  heads  1^ 
miles  above  the  mouth  of  Washington  Creek  and  discharges  at  the 
intake  of  the  Homestake  ditch.  A  third  has  been  located  which  is 
to  be  built  up  Macklin  Creek,  to  take  water  from  Schlitz  and  Keindeer 
creeks  north  of  the  Arctic  divide.  T.  T.  Lane  has  conipleted  a  ditch 
from  Henry  Creek,  which  discharges  at  Homestake  Creek.  All  the 
above-mentioned  ditches  discharge  within  a  few  miles  of  each  other 
on  Kougarok  River  and  represent  a  large  aggregate  outlay. 

The  Irving  Mining  Company  has  constructed  a  ditch  from  Wash- 
ington Creek  aloiig  the  north  slope  of  Kougarok  Valley  nearly  to  the 
mouth  of  Mascot  Creek.  Another  ditch  has  been  built  by  the  North- 
western Mining  Company,  on  North  Fork,  from  the  junction  of 
Alder  and  French  creeks;  it  is  to  be  continued  to  the  Kougarok, 
about  7  miles  being  complete  in  1900.  The  Lane  ditch,  from  Coffee 
Creek  to  the  mouth  of  Dahl  Creek,  has  already  been  mentioned. 
Smaller  ditches  have  been  built  or  surveyed  at  various  places,  includ- 
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iiig  Arizona^  Caiifomitt,  Coai^se  Gold-  mid  Windy  creeksi.      Besides 
llit*s*«  ihtMT  oi-p  luikux  other  st*hemt*i^  for  ditch  hniUling,  which  iu  1906 
hail  uul  guia^  far  enough  to  dfH-^rvt>  individual  meatitni. 
The  sunmier  of  190*1,  being  abnormally  dry,  wius  (^siK»cially  favor- 

jd)h*  for  ditch  coiLstruction,  but  wa.s  Aa*ry  unfavorabh*  to  those  who 
wiM't^  prepared  to  h  In  ice-  It  in  perhaps  well,  however,  that  the  man- 
aiders  of  the  hirge  companies  should  know  what  to  expect  and  Ir*  able 

to  include  an  allowance  for  a  dry  ^^eai^on  in  tlieir  estimate  of  cost. 
The  records  show  that  in  the  last  seven  years  there  Iiave  been  two 
very  di'y  Huninierb,  1900  and  1S)0<5,  and  that  there f on*  the  la^t  seanon 
is  not  )>y  aiiy  means  so  iibnormtil  as  muie  promoters  try  to  make  the 

pul>lit!  Iielieve. 

The  Kongarok  district  up  to  190(i  otmld  l>e  reached  from  Nome  only 

by  an  over  in  ml  journey  of  iibout  100  miles  or  by  a  very  circuitous 
wattr  route  via  Teller,  Imnruk  Ba^inf  and  Kuzitrin  Kiven  From 
LancH  Liuuling,  at  the  head  of  s<fnv  navigation  on  the  Ku/itriiu 
freighting  by  wagon  to  the  creeks  costs  0  to  15  cents  a  pound  in  sum* 
nicr,  but  the  winter  rates  mv  much  lower.  J,  M*  Davidson  and 
Andrew  J.  Stone,  who  are  among  the  largest  o|>eratarH  in  the  dis- 
trict, have  rst!d?bshc<l  a  tnmsslnjjping  2>oint  tai  Kavinik  (Marys) 
Kiver  called  Davids*m  Landing  and  have  built  a  road  from  that 
point  to  the  upper  Koiigarok  region,  a  distance  of  40  miles.  Small 
ligl iters  CNU  1h'  towed  flii^ectly  from  the  ship's  sid**  at  Poi't  Clarence 
to  Davidson  Landing,  so  that  at  least  one  handling  of  freight  is 
:i\  oidcMJ. 

In  11H)«;  the  Seward  Peninsula  Kailway  was  exlcndcd  norlhward 
to  the  head  of  Nome  lvi\er.  and  ihenee  down  (he  Kruzganiepa  to 
Lanes  Landini:-.  Snrxcvs  ha\('  heiMi  made  looking  to  an  extension  oj 
this  lint'  fai-ther  np  Kongarok  \'alley.  This  railway  will  bring  the 
distiict  into  close  eonunnnieat ion  with  Nome  and  will  do  nn>ch  to 
acceh'iate  its  dexelopnient.  Two  t(dephone  lines  eomieet  niaiiv  of 
I  he  camps  with  Nome.     The  I'ecoi'ding  oiHee  is  at  Lanes  Landing. 

Mining  operations  in  ltH)(')  may  be  snmmarized  as  follow^:  One 
hydraulic  plant  was  operatiMl  for  a  part  of  the  season  on  a  bench 
claim  on  Dahl  Creek,  and  two  |)lants  on  Kongarok  Iviver  above  the 
nioiilh  of  'I'ayloi'  Ci'eek.  Hie  two  on  the  Kongarok  removed  the  nvrv- 
Inirden  and  part  of*  the  pay  sti'eak  by  hydraulic  power  antl  cleane<l 
\\u'  bed  rock  by  hand.  In  both  [dants  hydi-aulic  lifts  weiv  operateil. 
( 'oii>iderable  worlc  was  done  on  the  Iowcm*  four  claims  on  Dahl  Creek 
l>y  ^ho\<'ling  into  sluice  boxes,  (iround  sluicing  was  done  by  a  nuiu- 
her  of  oj)erators,  notably  on  Windy  Creek  and  on  Solomon  CrcH'k.  a 
tiibntai'v  of  Ta\lor  Creek.     S(»veral  claims  wiM*e  woi'ked  in  a  sm;i" 
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they  were  handicapped  either  by  lack  of  water  or  by  an  excess  of 
water  that  flooded  them  out.  Below  Taylor  Creek  on  the  main  Kou- 
garok  attempts  were  made  to  exploit  the  bench  gravels  either  by 
sinking  shafts  and  drifting  or  by  the  aid  of  small  hydraulic  plants, 
but  in  most  cases  the  equipment  was  insufficient  to  produce  anything 
but  meager  results.  Probably  the  most  successful  of  these  attempts 
consisted  in  the  drifting  on  some  benches  on  the  west  side  of  the 
Kougarok  near  the  mouth  of  Taylor  Creek.  Harris,  Garfield,  and 
other  creeks  received  some  attention.  In  all,  probably  not  more  than 
150  or  200  men  were  engaged  in  productive  mining,  chiefly  because 
of  the  inadequacy  of  the  water  supply. 

The  amount  expended  in  ditches  and  the  purchase  of  claims  during 
1905  and  190G  probably  exceeds  $1,000,000— a  sum  hardly  justified 
by  the  extent  of  placer  ground  actually  proved.  The  total  gold  out- 
put to  the  end  of  1005  is  estimated  at  about  $000,000.  This  amount 
is,however,  only  an  approximation.  The  production  of  lOOfi « ap])ears 
to  have  l)een  small,  owing  to  the  lack  of  water. 

DISTRIBUTION  OF  THE  AURIFEROUS  GRAVELS. 

Broadly  speaking,  the  auriferous  gravels  thus  far  discovered  in 
the  Kougarok  district  fall  into  two  zones,  which  converge  toward  the 
lower  part  of  Kougarok  River.  (PI.  XI,  in  pocket.)  The  larger 
zone  stretches  northward  from  the  lower  Kougarok,  embracing  much 
of  the  Kougarok  basin,  and  is  here  termed  the  "  northern  l)elt."  The 
smaller  zone,  which  appears  less  well  defined,  extends  eastward  from 
the  Kougarok  to  the  Noxapaga,  embracing  the  streams  tributary  to 
Kuzitrin  River.  This  second  zone  will  here  be  called  the  "  southern 
belt."  The  northern  belt  lies  in  a  zone  of  schistose  rocks,  bounded  on 
both  sides  by  massive  limestones.  It  is  therefore  consistent  with  the 
general  rule  that  the  gold  has  its  source  at  or  near  the  limestone  and 
schist  contacts.  Nor  does  the  second  belt,  so  far  as  known,  offer  an 
exception  to  this  rule.  The  types  of  placers  in  each  of  the  two  belts 
are  described  l)elow. 

SOUTHERN   BELT. 
GENERAL  I)ES('RII»TION. 

The  auriferous  gravels  forming  a  broken  fringe  along  the  southern 
margin  of  the  highlands  that  bound  the  Kuzitrin  basin  on  the  north 
and  west  have  certain  features  in  common,  which  justify  describing 
them  as  a  unit.  This  belt  includes  the  placers  of  Quartz  and  Gar- 
field creeks,  as  well  as  those  of  the  Noxapaga  basin.  The  l^ed-rock 
geology  of  the  belt  is  obscured  both  by  the  extensive  alluvial  deposits 

•Not  a  single  operator  In  the  district  responded  to  a  request  for  information  in  refer- 
ence to  ;;rod^act:on. 
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iiiid  Irv  ihe  products  of  deep  rock  weathering.  However. 
grapliitic  pliyilitew  und  tschi^ty,  iuchuliiig  some  calctuvou.s  VmUy 
iippears  to  stretch  acttMiJ^  the  upland  between  Kavinik  and  Kuxitrin 
rivpi'g.  Many  of  these  rocks  airr^-  qnaHz  veins,  locally  stained  with 
iron*  Schigts  occur  north  of  these  graphitic  rocks^  and  farther  north 
are  succeeded  l>y  limestone.  Though  thej^e  formations  can  not  Ije 
exactly  delineated,  Ijecanse  of  the  deeply  weathered  character  of  the 
r<jck8  and  the  absence  of  oiitcropn,  yet  most  of  the  gold-bearing  creeks 
appear  to  cross  the  contact  of  the  limestone  and  sjchist. 

The  unconsolidated  formations  einlinice  (1)  the  present  stream 
gravels,  (2)  the  deposits  fl wring  the  Ku^:itriu  lowland,  and  (3)  the 
bench  gravels.  The  first  group,  which  embraces  most  of  the  working 
placers  of  the  district,  is  fully  described  on  page  20 J),  Little  can  be 
added  to  the  desc*rii>tion  of  the  second  group  already  given.  The^ 
l)ench  gravels  merit  closer  con^derution,  fl 

The  upland  region  descends  by  a  gentle  slope,  here  and  there  bro- 
ken by  a  well'Miarked  terrace,  from  an  altitude  ot  nbont  1,100  feet 
to  tlie  Kuzitrin  Valley  floor,  100  feet  almve  sea  leveh  The  l>est- 
defined  terrace  is  nbou(  100  feet  jibovc  the  ijresr*nt  water  level  und  is 
traceable  from  the  month  of  Quartz  Creek  northward  along  the  west- 
ern side  of  Koiigarok  River  to  the  iniint  where  the  valley  of  that 
stream  emerges  from  the  ujdand*  A  similar  terrace  is  present  along 
the  northern  margin  of  the  Kougarok,  and  the  lower  part  of  Turner 
Creek  find  some  of  the  tributnries  of  the  Noxapaga  are  i^eported  by 
Collier  to  be  incised  in  deep  gravel  deposits,  a  fact  which  indicates 
an  easterly  extension  of  this  terrace.  The  alluvium  of  these  terraces 
in  neai'ly  every  exj)()snre  is  made  up  of  the  same  kind  of  material — 
well-rounded  and  ^tratitied  brown  sands  and  gravels.  (\'rlain  ex- 
ceptions to  this  are  noted  below.  'I'hese  benches  are  without  doubt 
the  renuumts  of  an  extensive  gra\'el  sheet,  as  is  indicated  l)y  the  hil- 
locks of  sti'atified  gi-avels  which  stand  here  and  there  above  the  floor 
of  the  Kuzitriu  lowland. 

Near  the  mouth  of  (Quartz  Creek  the  top  of  the  terrace  is  about  I'ir) 
feet  aboNc  the  water,  and  the  gravels  rest  upon  clay  of  unknown 
thickness  about  IT)  feet  below  water  le\-el.  The  exposed  material  con- 
sists of  well-rounded  gravel  and  sand.  Along  Quartz  Crei^k  the  sur- 
face of  the  gravel  dips  with  about  the  grade  of  the  stream,  and  1 
mile  below  Dahl  Crei^k  about  100  feet  of  gravel  and  sand  are  exj^osed 
ill  the  \alley  wall.  Above  this  poiiU  the  bed  was  not  definitely  rec- 
ognized, but  it  is  believed  to  be  represented  by  a  white  quai'tz  gi'avcl 
exj)ose(l  on  (^^uartz  Creek  just  below  the  mouth  of  Dahl  Creek.  Cn 
the  north  side  of  Dahl  Creek  \all(\v  a  shaft  was  suvdv  to  a  depth  oi' 
isT   feel   eutii-clv   in   this   white  i»'ravel  and   did   not  reach    bed   rock. 
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face  of  the  white  gravels  dips  to  the  northwest  under  the  trench  occu- 
pied by  Dahl  Creek.  In  other  words,  the  gravels  underlying  the  pay 
streak  at  the  Lane  hydraulic  mine  and  those  on  Dahl  Creek  are  parts 
of  the  same  bed.  The  surface  of  the  same  gravel  deposit  is  believed  to 
be  exposed  near  the  mouth  of  Joe  Creek,  a  tributary  of  Quartz 
Creek.  These  relations  are  too  complex  to  permit  detailed  analysis 
here,  but  they  point  to  the  following  conclusions:  (1)  The  aurifer- 
ous gravels  of  the  Lane  hydraulic  mine,  Dahl  Creek,  and  of  Joe 
Creek  belong  to  the  same  horizon;  (2)  they  are  underlain  by  barren 
alluvium,  from  which  are  formed  the  white  gravels  of  Dahl  Creek 
and  the  bench  gravels  of  the  lower  part  of  Quartz  Creek,  of  the  Kou- 
garok,  and  of  the  front  of  the  upland  near  Garfield  and  Turner 
creeks;  (3)  this  older  gravel  series  is  believed  to  carry  no  values, 
though  it  is  known  to  be  more  or  less  auriferous.  The  last  conclu- 
sion is  supported  both  by  the  results  of  prospecting  and  by  theoreti- 
cal considerations.  In  general  the  rich  placers  of  the  peninsula  oc- 
cur in  alluvium  that  was  deposited  under  conditions  of  subaerial 
decay  rather  than  during  floods.  Much  of  this  bench  gravel,  however, 
is  well  rounded  and  stratified  and  appears  to  have  been  laid  down 
during  periods  of  flood,  which  are  not  favorable  to  a  concent ra ton 
of  values.  Still,  so  far  as  known,  these  gravels  next  to  bed  rock  have 
never  been  prospected.  They  may  be  gold  bearing,  and  in  the  opinion 
of  the  writer  the  chances  of  finding  gold  at  depth  warrant  the  outlay 
of  the  cost  of  prospecting  to  bed  rock. 

QUARTZ    CRKEK    BASIN. 

The  basin  of  Quartz  Creek  includes  a  dendritic  drainage  system 
lying  in  an  elbow  formed  by  the  lower  Kougarok  and  Kuzitrin  rivers, 
and  is  incised  partly  in  the  upland  and  partly  in  the  broad  gravel 
terrace  already  described.  The  valleys  cut  in  the  gravels  are  steep- 
walled  trenches;  those  cut  in  bed  rock  are  broader,  with  gentler 
slopes.  Placers  have  l)een  found  chiefly  in  the  bed-rock  portion  of 
the  valleys.     So  far  as  known  this  bed  rock  is  phyllite  or  mica  schist. 

Throughout  the  basin  the  stream  gradients  are  low,  averaging 
probably  less  than  10  feet  to  the  mile.  The  amount  of  water  ordi- 
narily available  is  very  small,  and  in  dry  seasons,  such  as  that  of  1900, 
the  supply  fails  entirely.  Gold  has  been  mined  on  Quartz  Creek  and 
on  its  tributaries  Dahl,  Joe,  and  Coffee  creeks,  but  of  these  only  Dahl 
Creek  has  been  a  considerable  producer.  The  terrace  gravels  of  the 
lower  basin  carry  colors  of  gold,  but  no  values  have  been  found  in 
them. 

In  1900  and  1901  half  a  dozen  claims  were  operated  on  Quartz 
Creek  near  the  mouth  of  Dahl  Creek,  but  these  were  quickly  worked 
out.  The  flood  plain  here  is  not  more  than  50  to  75  feet  wide,  and  the 
pay  streak,  which  comprised  only  a  part  of  this  plain,  was  2  to  3  feet 
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thick.     No  bed  rrnJi  wa^  foiintl  in  this  part  of  the  basin,  the  values 
being  conceiitmte<I  on   a   hiyer  of  blue,  sticlcj^  clay.     The  gold  is  ^ 
me^limn  coarse  and  probably  came  from  the  I>ahl  Cr(*ek  basin. 

Diihl  CiTek  hiis  Imtjj  the  renter  of  iriinifig:  interest  since  KWK  f  trl 
tile  lower  .six  cltiiins  hnxv  Ihh^h  the  hirgesl  ^roup  of  prodneers  in  the] 
district,    TbiH  stream  fiuwK  in  a  hIuiIIow  trench  cut  for  alKJut  15  fret 
in  auu'kp    AI*ove  Ibis  is  n  hendi  ii  quarter  4>f  n  mill*  wide.  fr<m\  wlii^*hl 
the  valley  walls  rist^  gently*     I*^roni  the  mouth  of  llic  ereek  up  in 
claim  No.  C  the  gohl  rests  upon  u  day  seam,  bvit  on  No.  G  the  pay 
Ktrejdi  was  found  10  tn  :jO  fwi  Udnw  the  snrfaee,  just  iihnvr  n  niiea- 
sehist  bed  rock.     Undenieatli  the  elay  floor  upon  wbifh  tlie  gohl- 
l)earing  gnivels  below  claim  Na  (*  lie  are  the  white  quarts  graveli^, 
jib'eHtiy  deseriiK^l*  these  Ivine  been  [jeru*t rated  by  a  shaft,  whii*h  pn^s 
to  n  depth  of  187  feet  without  reaehing  bed  rork.     The  follow^ing 
st»i'tion  WHS  nieiisured  im  Dahl  CttH^c  nlwnit  one-fonrtb  mih*  alxwe  it| 
month : 

^rHhui   fih    ththi  fft^t'l'  utrr-ffuofh   at  it*'  fthnrf  Uh  t(t*nifU. 


Fr oa**  n  m  n  f -k  w  U 1  i  i  inpu  r*»  1 1  -e  I  <>i  MAfifi  „ 

Ve n*n 0 non?i  isvn vel s  tx ni I  ^nUiU  i\n\y  rtrmk \ . 

niMi'  fU\y,  iiinylii^'  ^mn*  **;um1._ ^,,^^^^ 

Wliitt*  (|iiiirtK  ^^fiivoL 


Near  the  mouth  of  Dalil  Creek  the  l?eneli  just  described  is  atMint 
20  feet  Bbo%v  the  preseut  strenm  bed  and  has  been  foiiof!  to  rarry 
values.     A  measured  section  at  Lane's  hvdraulic  mine  is  as  follows: 


Srcfion    of    IhhcIi    lit   Lane's   Ji f/<J ni iiHc   niiiic.    Dalil   Creel:. 

l-'rnzon   niiK-lc  with  h^isos  of  !<•«'  

I'(MM'ui:iii<ms.  ;;(>l(l-ln'nriiiir  ,i:r.'i\«'I 

Sticky   l>lue   clny  _  ^        

Wliitr  y\\v.\\'\v.  iri'.Mvcl. 


::     4 

A       1 


Those  deposits  (lip  nudcr  tin*  ci'eek  h(MK  and  both  henrh  and  crook 
])lao('rs  are  of  tlio  saino  a<:o,  tlioir  dilloi'onco  in  position  havinir  \)(^('\\ 
oaiisod  l)y  local  ^^a^l)i^ir.  Similar  bonoh  <rravols  will  probably  Ix^ 
found  to  iiiidci'lio  tho  talus  and  nniok  that  oov(M'  tho  lowor  slopes  of 
the  Dahl  Creek  ti'oneh.  but  so  far  values  have  been  found  only  at 
llano's  mine.  'i1ie  possibility  of  fiudino^  valnos  on  bed  rook  undei- 
neatli  the  white  irravol  has  ali'oady  been  noted. 

Placer  <r<)ld  has  boon  fonntl  noai*  the  mouth  of  Joe  Creek,  on  ColVoo 
Crook,  and  on  a  rnunhor  of  other  smalloi"  tributaries  of  Quartz  Creole. 
Xo  aold  is  reported  from  Cheokors  Creek,  a  northern  tributary  of 
(Quartz  Crook.  Tho  course  of  Chockoi-s  Creek  appears  to  bo  alonir 
the  old  planatoil  surface,  which  dips  under  tlu*  "ravels  and   from  a 
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Considerable  prospecting  has  been  done  throughout  Coffee  Creek 
basin  and  a  little  gold  has  been  mined  in  its  upper  part.  The  lower 
part  of  the  creek  is  incised  in  the  gravel  terrace,  and  here  also  a  little 
gold  has  been  found.  Prospecting  on  the  upper  part  of  the  creek  is 
expensive  because  the  gravels  are  everywhere  buried  under  10  to  25 
feet  of  muck.  This  is  true  not  only  of  the  floor  of  the  valley,  but  also 
of  the  slopes  and  the  tributary  gulches.  This  overburden  is  too 
heavy  to  permit  open-cut  mining,  and  the  cost  of  fuel  has  so  far 
been  too  great  to  encourage  drift  mining  or  even  prospecting.  As  a 
result  much  of  the  prospecting  on  Coffee  Creek  has  been  confined  to 
cuts  made  by  ground  sluicing  at  favorable  localities  during  floo<ls, 
and  few  careful  tests  of  claims  have  been  made. 

In  the  winter  of  1906  some  rich  placer  ground  was  found  in  the 
talus  of  the  valley  slope  near  the  head  of  Coffee  Creek.  This  peculiar 
auriferous  deposit  appeared  to  l>e  almost  in  place.  The  gold  occurs 
in  4  to  7  feet  of  angular  schist  and  quartz  debris  and  weathered 
schist  l)ed  rock  covered  by  18  to  20  feet  of  muck.  The  quartz  is  iron 
stained,  but  does  not  appear  to  be  auriferous,  and  the  gold  probably 
came  from  the  associated  schist.  The  gold  is  angular,  spongv%  and 
bright  colored.  All  these  facts  point  to  the  conclusion  that  the  mate- 
rial mined  is  a  weathered  part  of  a  mineralized  zone.  The  deposit 
has  been  traced  about  1.000  feetf  but  is  buried  so  deeply  that  its 
boundaries  are  not  well  known.  It  is  indicative  of  the  source  of  the 
gold  and  suggests  the  possibility  of  finding  lode  deposits  that  may 
carry  values. 

The  other  placers  of  the  upper  part  of  Coffee  Creek  are  as  a  rule 
buried  under  an  overburden  of  muck  10  to  20  feet  thick.  The  gravels 
are  chiefly  schist  and  quartz,  and  range  from  3  to  7  feet  in  thickness. 

GARFIELD   CREEK. 

Garfield  Creek  heads  near  Baldy  Mountain,  flows  in  a  rather  broad 
valley  through  the  upland,  and  in  the  last  5  miles  of  its  course  mean- 
ders across  a  gravel  plain  to  join  Kuzitrin  River.  The  gold  placers 
are  confined  to  the  upland  parts  of  its  valley,  and  may  be  reached  by 
a  trail  croasing  the  tundra  from  the  Kougarok,  but  such  traveling  is 
difficult  and  transportation  is  very  expensive.  The  discovery  was 
made  here  in  1000,«  and  considerable  gold  was  produced  in  that  year 
from  a  shallow  pay  streak  confined  to  the  creek  bed  and  resting  upon 
a  white  clay. 

The  valley  of  Garfield  Creek  is  broad,  the  sides  are  benched,  and 
gravels  and  talus  with  a  thick  layer  of  moss  and  nuick  cover  the  bed 

•  Brooks,  A.  II.,  Richardson.  Ci.  B.,  and  Collier,  A.  J.,  UeconnaissancoB  In  the  f'apeNome 
and  Norton  Uay  regions,  Alaska,  in  1900,  a  special  publication  of  the  U.  S.  (leol.  Survey. 
1001,  p.  122. 
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Though  tho  gt^ii^rul  trond  of  tlit*  difforent  parts  of  the  valley  \s  in 

fnie  dirt'C'lion,  itscoiirst*  in  ddail  is  tortuous^.  Within  the  valley  walls 
i\u*  river  flows  in  a  very  iri'egular  channel,  und  many  of  the  meaiidei^ 
are  ^^purati^d  by  ivell -defined  benches  whose  flat  surfacei?  mark  for- 
nier  ^tngen  of  wati*r  Un^*\.  This  i^^  e!=ipt*cinlly  evident  aliove  Taylor 
Cit'ek,  when*  the  river  flown  through  a  eontiniioiis  stories  of  oxiinw 
rnrvt^M,  which  ur(?  st^piiniled  by  >^lop)ng  benches. 

At  tlie  point  when-,  the  Koupirok  enters  the  Knzitrni  lowland  l>oth 
valley  walls  hliow  well-marked  henehes.  Two  levels  are  here  notice- 
nblr — ittw  50  feet  and  one  2.')  fec^t  alxive  the  stveani.  Th^se  can  l>e 
trar*^d  fur  several  ndles  abovi^  Windy  Creek;  the  walls  tlien  beconi** 
htcH^per  and  the  river  cK-mipies  a  cany  on -like  vuUey  up  to  fjeft  FWk, 
Vvttm  Ihis  [MHwi  to  Washington  Cnndc*  20  miles  above,  some  evidence ' 
of  lit'iu'hing  (*aii  Im*  nbsiM-vtH]  in  most  ]>laceE^,  thongli  the  fM*nrh<^s  are 
not  root itn ions.  The  indiviilnal  levels  have  not  l>een  trared,  f>ut  in 
the  part  nf  the  valley  l>tdow  Taylor  Cit^ek  there  are  at  least  two 
high-level  ^'ravels  and  jtOKsildy  three, 

Kongai'nk  River  is  a  swiftly  flowing  sti^ani  that  carries  at  ifi5 
njorith  prolmbly  r>/M)0  (o  KWO  miner's  iJiches  of  water,  and  htus  a!i 
average  gradient  of  ahtait  LiO  feel  to  the  njile.  Jlost  of  the  niaterial 
transported  is  coarncj  ranging  from  tine  gravel  in  coarse  cobblestone. 

The  moi^t  exteoisiive  fh^pi^sits  of  anriferons  ullnviuin  y^t  discovered 
in  the  district  are  on  the  main  Kotigaruk,  Inilh  in  the  prosent  -stream 
1)('(1  and  in  the  benches,  (iold  has  been  fonnd  in  the  gravels  of  this 
>(r('ain  for  about  40  m'des  of  its  length.  It  is  not  known  how  much  of 
this  stictch  (Mirier  couiuicrciMl  values,  but  it  is  probably  not  more 
1 1iMM   r>()   jxT  cent. 

ScNcral  placers  of  tlic  present  stream  ))e(l  have  been  worked  since 
r.»()l.  Some  irolil  lias  been  taken  out  of  the  I'iver  bed  with  shovel  and 
rockers  fiear  Coarse  (Iold  Creek  and  at  varions  points  as  far  up  as 
'i^iylor  Creek'.  Much  more  work  has  been  doiie  at  and  above  the  big 
Ih'IkI  of  the  Kougarok.  near  the  mouth  of  Macklin  CriM'k  and  as  far 
nj)  a^  AA'a^hington  Ci'eek.  Mo^t  of  this  mining  was  done  during  low- 
watei'  stages.  It  should  he  stated  that  these  i)lacers  are  in  no  sense  of 
the  ri\(*r-bar  type,  but  caii'v  coarse  gold  mingled  with  gravels  and 
largelv  concent rat(Ml  on  heel  rock. 

1'he  gra\('ls  are  in  the  main  faii'ly  well  rounded  and  stratified. 
The  laige^t  p<'l)l)le<  are  not  moi'e  than  1  or  '2  feet  in  diameter,  but  a 
few  larger  bowlders  ha\'e  been  conti'ibuted  by  the  talus  of  th(^  valley 
-lope-.  No  genei'al  statement  as  to  tlu^  thickness  of  the  grav(ds  can  be 
made.  a<  it  vaiitvs  great ly  in  (btlerent  parts  of  the  river.  In  the  can- 
yon already  de-criluMl  IhmI  I'ock  i^  exposetl  tliroughont  the  river  bed. 
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The  width  of  the  alluvial  floor  also  varies;  in  some  parts  of  the  val- 
ley the  entire  floor  is  buried  in  gravels,  but  in  others  the  stream  has 
uncovered  bed  rock  over  a  part  of  it.  Tlic  actual  flood  plain  of  the 
river  ranges  in  width  from  100  feet  in  the  canyon  to  800  feet  at  the 
flat.  At  the  mouth  of  North  Fork  it  is  300  or  400  feet  wide,  at  the 
mouth  of  Taylor  Creek  about  000  feet,  and  near  the  mouth  of  Trinity 
Creek  about  300  feet.  Below  the  flat  at  the  mouth  of  Taylor  Creek 
the  alluvium  is  made  up  almost  entirely  of  gravel,  but  above  this  flat 
the  gravel  is  in  places  buried  under  a  considerable  stratum  of  muck. 
So  far  as  the  writer  knows,  the  gold  found  in  the  stream  bed  below 
Coarse  Gold  Creek,  except  at  the  mouth  of  North  Fork,  is  chiefly 
fine,  but  the  auriferous  gravels  at  and  above  the  mouth  of  this  creek 
are  said  to  contain  a  large  percentage  of  coarse  gold.  This  indicates 
that  in  the  upper  half  of  the  river  the  enrichment  is  of  local  origin, 
and  therefore  that  the  gold  has  not  all  been  brought  in  by  the  main 
stream  from  its  source.  The  gold  of  the  flood  plain  is  mostly  dark, 
but  that  of  the  smaller  tributaries  is  bright.  In  the  flood  plains  the 
only  placers  yet  opened  up  on  a  commercial  basis  are  those  at  the 
mouth  of  North  Fork,  where  little  has  been  done,  and  at  the  mouths 
of  Taylor  and  Homestake  creeks  and  between  Macklin  and  Washing- 
ton creeks,  where  considerable  gold  has  been  procured. 

The  bench  deposits  of  the  Kougarok  appear  to  afford  an  attractive 
field  for  the  gold  miner.  Their  position  makes  them  easy  of  access 
and  no  hydraulic  lifts  are  required  to  dispose  of  the  -  tailings. 
Between  Coai"se  Gold  and  Taylor  creeks  at  least  two  distinct  bench 
levels  are  well  defined,  one  about  25  feet  and  the  other  50  feet  above 
the  water.  So  far  as  observed,  the  gravels  are  from  8  to  10  feet  in 
depth  and  are  in  most  places  covered  with  muck.  No  determinations 
of  values  are  known  to  the  writer,  but  the  fact  that  somfe  of  the  lower 
benches  have  been  worked  at  a  profit  by  crude  means  makes  it  seem 
probable  that  their  gold  content  is  sufficient  to  assure  returns  if  han- 
dled by  cheaper  methods.  Bench  gravels  have  been  reported  at  vari- 
ous places  above  Taylor  Creek,  and  some  are  known  to  be  aurifer- 
ous, but  they  have  not  been  developed  on  a  commercial  scale. 

The  following  notes  on  the  occurrence  of  the  auriferous  gravels 
are  the  basis  for  the  generalizations  which  have  preceded. 

At  the  point  where  the  river  emerges  from  the  upland  two  benches 
were  observed — a  lower,  which  is  well  defined,  standing  about  15  feet 
above  the  present  flood  plain,  and  an  upper,  about  35  feet  higher, 
which  slopes  toward  the  axis  of  the  valley.  These  benches  can  be 
traced  upstream  for  about  a  mile ;  above  this  stretch  the  valley  walls 
steepen  and  become  rock  bound.  So  far  as  known,  this  part  of  the 
river  has  yielded  no  placer  gold. 

From  the  mouth  of  Windy  Creek  up  to  a  point  within  a  mile  of 
Left  Fork  the  valley  is  broad  and  the  slopes  are   interrupted    by 
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benches,  one  at  20  and  ono  at  50  feet  hnr\g  v^eognized.  The  f^rarels 
of  Windy  Ci-eek  are  anriforoiiB  (see  p.  320),  but  no  mining  huy  l)eeii 
done  on  the  main  rivi^r  in  this  vicinity.  Above  thi?*  stretch  the  v^alley 
is  a  ^t«ep- walled  canyon  cnt  in  hard  dioritc  and  there  is  practically 
no  gravel  on  the  mdc  fliwr.  This  topography  continues  nearly  to 
Qneen  Creetc,  wiicrc  tlic  vallt*y  ot>ens  out  ngain.  Here  there  is  a 
lK*nch,  covered  by  4  to  5  feet  of  well-rounded  ^avel  overlain  by 
^i  tn  10  feet  of  frozen  nnick.  Near  thu  rnontli  of  Queen  Creek  two 
k^nches  were  observed — a  lower  one  20  feet  above  (he  river,  cov- 
cn*tl  by  4  to  5  feet  of  gravel,  with  an  overbiuHlen  of  muck  lo' 
fci^t  thick,  itnd  an  upper  one  45  feet  higher,  earrying  about  10  feet 
of  gravel  tiiat  is  more  or  less  Huriferous,  The.se  benches,  though  not 
roittiiuiouh,  c^in  l>e  traeed  along  the  valley  to  Coarse  Gold  Creek, 
wiiere  the  river  rnjilos  a  long  cur%'e,  swinging  around  a  bench  100 
feet  higlij  on  which  lies  about  10  feet  of  river  gravuL  This  bench, 
iogi^ther  with  a  lower  one  standing  alx)ut  25  feet  above  the  water, 
can  Ix'  traced  ahnuhit  cnntinuonsly  between  Coarse  Gold  Creek  and 
North  Fork.  Similar  benehes  owur  along  North  Fork,  Gold  has 
bt^eii  found  in  the  river  gravels  at  the  mouth  of  North  Fork  and  at 
Ihe  big  Ijend  above  Coarse  Gohl  Creek.  A  scheme  is  under  way  to 
drain  the  river  lied  at  tiie  big  iK^nd  by  tunneling  through  the  neck  of 
land*  It  is  chdmiHl  that  by  Iniiiding  a  liO-foot  dam  and  driving  the 
tunnelj  water  power  with  an  IB- foot  fall  can  be  developed  and  *2J 
niiK*-  op  thr  riMT  Ix'd  lan  be  \iiu]  bnrc.  T'liis  power  is  lu  be  ntilized 
in  mining  the  river  gravels,  which  are  said  to  carry  values.  The  bed 
rock,  a  srliist,  is  exposed  along  a  pait  of  this  stretch  of  the  river,  but 
ill  some  places  it  is  biii'ied  under  gravels  at  a  niaxinunn  depth  of 
S  feet.  The  Pencil  gravels  along  this  j)art  of  the  river  also  are  said 
to  !)e  auriferous. 

l>etween  Coarse  (Jold  and  Taylor  creeks  tlie  Kougarok  Valley  main- 
tains its  o])en  character,  and  blanches  are  well  marked  in  many  places. 
A  low  heiK'h  IT)  to  liO  feet  above  the  river  bed  is  the  most  conspicuous 
of  these  features  and  is  usually  covert^l  with  '>  to  (*)  feet  of  gravel 
with  Jin  overburden  of  frozen  ]uuck.  Here,  as  elsewjiere  in  the  valley, 
tlie  l)enches  are  ()l)scured  in  many  placets  by  the  heavy  talus,  and  there- 
foie  the  absence  of  a  topographic  expression  of  the  benches  where 
th<^  slopes  WW  gentle  (h)es  not  necessarily  prove  their  absence. 
A])out  '2  miles  l)elow  Taylor  Creek  a  l)ench  about  *20  feet  above  the 
ri\('r  carries  10  feet  or  more  of  gravel  covered  with  frozen  muck. 
The  same  bench  is  recognizable  at  the  mouth  of  Arizona  Creek  and  at 
other  j)lac(^<.     Some  gohl  has  been  extracted  from  these  bench  gravels. 

Several   1ow(M'  benches  occui'  along  the  valley  slope  opposite  the 
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is  only  a  few  feet  above  the  present  flood  plain  of  the  river,  but,  as 
the  alluvium  of  the  flood  plain  is  20  feet  or  more  deep  at  this  point, 
the  bench  deposit  was  originally  at  least  25  feet  above  the  river  bed. 
The  slope  of  these  benches  suggests  that  they  were  formed  by  streams 
tributary  to  the  Kougarok.  They  were  mined  during  the  winter  of 
1905-6  by  drifting,  and  considerable  gold  is  said  to  have  been  taken 
out.     The  largest  nugget  had  a  value  of  $1.80. 

Considerable  prospecting  and  some  mining  have  been  done  in  the 
flood-plain  gravels  between  the  mouths  of  Taylor  and  Homestake 
creeks.  The  bed  rock  is  schist,  and  the  gravels  are  from  8  to  10  feet 
deep,  with  an  overburden  of  muck  varying  in  thickness.  The  values 
are  said  to  be  chiefly  concentrated  on  bed  rock.  The  flood  plain  is 
several  hundred  feet  w^ide,  but  the  width  of  the  pay  streak  was  not 
learned.  The  largest  plant  at  this  locality  includes  in  its  equipment 
a  hydraulic  elevator. 

No  mining  appears  to  have  been  done  on  the  main  Kougarok  for 
several  miles  above  Homestake  Creek,  though  prospects  are  reported. 
In  this  stretch  of  the  valley  the  river  meanders  from  one  side  to  the 
other,  forming  a  series  of  symmetrical  curves  separated  by  sloping 
benches.  These  benches  may  carry  gravels,  but  were  not  examined 
by  the  writer.  A  mile  below  Macklin  Creek  a  little  work  was  done 
in  1906  on  the  river  gravels,  here  about  6  to  8  feet  thick.  An  attempt 
to  control  the  river  by  a  small  dam,  so  as  to  make  the  bed  accessible 
to  mining  operations,  was  only  partially  successful. 

Considerable  mining  has  been  done  in  the  river  bed  about  a  mile 
above  Macklin  Creek,  where  the  water  has  been  diverted  by  a  dam. 
The  gravels  here  are  about  6  to  8  feet  deep,  of  which  18  inches  to 
3  feet  6  inches  carries  most  of  the  gold.  The  pay  streak  is  said  to 
have  in  some  places  a  width  of  400  feet,  but  in  these  places  the 
values  are  much  less  than  where  the  pay  streak  is  narrow.  Values  of 
3  or  4  cents  to  the  pan  and  pockets  very  much  richer  are  reported. 
Most  of  the  gold  is  dark,  but  a  little  bright  gold  is  intermingled. 

Several  claims  have  been  opened  up  at  the  mouth  of  Trinity  Gulch. 
Here  about  6  or  7  feet  of  gravel  rests  upon  schist  bed  rock  and  is 
overlain  by  4  or  5  feet  of  frozen  muck.  The  gold  from  Trinity  Gulch 
is  bright;  that  of  the  river  is  dark.  Above  this  group  of  claims  the 
valley  walls  close  in,  forming  a  canyon.  At  the  canyon  an  ill-defined 
bench  lies  about  '20  feet  alx)ve  the  river  bed.  At  the  lower  end  of  the 
canyon  the  depth  to  bed  rock  is  12  feet,  more  than  half  of  which  is 
gravel.  Above  the  canyon  the  gravels,  which  are  3  to  4  feet  thick, 
are  coarse  and  well  rounded.  The  gold  is  dark  and  chiefly  coarse, 
occurring  in  flat  nuggets.  Two  miles  above,  at  the  mouth  of  Mascot 
Gulch,  the  river  bed  is  about  300  yards  wide,  but  the  pay  streak  lies 
well  toward  the  southern  wall  of  the  valley.  The  gravels  in  the  river 
bottom  are  about  16  feet  deep  and  have  been  mined  by  winter  drift- 


ing.    TVio  goU]  inf*lu(lt?K  Imth  tlie  diirk  variety  of  the  main  river  and 

the*  bright  viiriHy  fuuiKl  \u  Uic  trilnitftrii^s.  The  pijy  streak  3:^  2  to  Z 
ftvl  thick  and  is  Haid  to  Imve  currkd  high  vakies  on  tlit;  schist  bed 
rock.  I 

C(tnsid*^rnl)It^  mining  has  nho  Ij^pn  done  in  Mascot  Giildu  on  a  " 
deiKJBit  Hinnhir  to  that  itt  the  head  of  Coffo^  Creek*  (See  p.  ZW.) 
Mas^cot  (fidch  huf^  a  .stt'ep  hjopc*  toward  the  river  and  carries  very 
little  wiiter.  The  bed  rock  is  a  hhie  nuca  nhito  or  phyllite,  \vith  many 
(jnartz  striiigeiH.  This  is  njvcred  hy  '2  U>  3  feet  of  suhangidar  tains 
(uid  decompot^efi  In^d  rock  much  Htained  with  manganese.  The  gold 
is  distrilniled  in  patelies  irreguhirly  on  the  lx^.d  rock.  It  is  l>righl  and 
arigiHar,  ^unie  4*f  it  slioning  crys^tjilline  faces,  Mnch  of  it  is  attached 
to  ^mll  fragments  of  quartz.  C'onyideniblc  cassiterite  occnrs  in  the 
coiH.'cr  it  rates.  This  goh]  is  without  (h>uht  Xi^ry  near  its  ?ionrce  in  the  u 
parent  nn-k  and  is  j>rol>ah!y  derived  fnnn  a  niineralized  shear  zones  itij 
tlie  slates,  A V ashed  gravels  aiv  said  to  occnr  tOO  to  150  feet  a^K>ve  the  j 
rivi'r  level  on  the  slo[>e  of  the  ridge  sonth  of  tlu*  Kfviigarok  A'^atlev  ati 
Mascot  (fiilcli.  .V  li'st  pit  ail  ifiis  local  it  y  is  j-^^ported  to  have  shown  I 
40  feet  of  muck  and  talus  overlying  10  feet  of  welbrounded  gravel  orj 
^*  river  wasli/'  Tliesi'  graveis  wen*  found  to  be  tiurifurons,  but  no-J 
vabies  were  discovered. 

Above  SlasctJf  (lideh  tile  valley  fl(jor  widens  out  lietween  gently 
rilo|x^s  ami  is  entirely  gravel  filled.  About  a  mile  above  Mascot' 
(tnh'li  -oiiii'  inifiiujL^  hri-^  lici-ii  thiiu*  with  n  hydi'inilir  j>lnnt.  llei-^^  the 
gravels  ni'e  :>  to  7  feet  thick,  most  of  the  values  being  on  or  near  the 
I)(mI  viH'k.  The  \alley  floor  is  400  to  500  feet  wide.  A  series  of  ])ro^- 
\)vr{  holes  at  this  i)hice  showed  wasjied  gravels  on  bed  rock  .50  iVet 
al)o\('  tlie  j)reseiit  watei*  level.  'J1ie  bed  rock  of  this  bench  is  said  to 
-loj)e  toward  the  axis  of  the  valley,  (iold  has  been  found  in  the 
i:ra\('l^  aboxc  this  ])()int  as  far  as  Washington  Creek,  but  no  mining 
jia^  heeii  done.  It  is  of  interest  to  note  that  the  limit  of  the  (bstribu- 
lion  of  the  i)lacer  gold  ai)i)ears  to  be  determined  here,  as  elsewhere,  by 
(lie  liiiiestone-schi>t  contact. 

The  foregoing  de>cri])tions  incbcate  a  very  wide  distribution  of 
gold  in  the  Kongai'ok  \^alley.  in  both  the  bench  and  the  flood-plain 
gi'avels.  \o  higli  \alnes  ai'e  known  to  have  been  found,  but  many 
-ections  of  the  graveb  of  this  valley  can  probably  be  mined  at  a 
|H'olil.  The  hench  gi"a\('N  are  easily  workable  by  hydraulic  methods 
w  hei"e  w  aler  i^  a\  ailjd)le. 

wiNU^    (  iu:i:k. 


Windy  Ci-eek.  a   westei'n   ti"il)utary  of  Kougarok  Kiver  about    15 
Tnih*s  in  a  i-haiLdit  lini-  ahuve  ii-  nunuh,  is  about    li)  miles  Innir  am! 
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along  a  small  tributary  from  the  south,  called  Anderson  Gulch,  which 
is  merely  a  minor  depression  in  the  valley  wall.  A  4-mile  ditch  fur- 
nishes water  under  a  140- foot  head.  The  gravels  exposed  in  cuts  and 
forming  the  pay  streak  are  2  to  3  fe^t  thick,  and  in  addition  1^  to  2 
feet  of  bed  rock  carries  some  gold  and  is  put  through  the  sluice  boxes. 
The  bed  rock  is  a  silvery  mica  schist  with  much  iron-stained  quaHz. 
These  placers  have  been  traced  for  1,500  feet  along  the  slope  of  the 
valley  of  Windy  Creek.  The  known  area  of  workable  deposits  is  not 
large.  Gold  has  been  found  in  other  parts  of  the  basin,  but  not  yet 
in  paying  quantities. 

NEVA    CREEK. 

Some  sluicing  has  been  done  in  shallow  gravels  on  Neva  Creek,  a 
tributary  of  the  Kougarok  from  the  east  about  one-half  mile  above 
the  mouth  of  Windy  Creek,  but  the  production  has  been  small. 

NORTH    FORK. 

North  Fork  joins  Kougarok  River  from  the  east  about  25  miles 
above  its  mouth.  It  is  about  10  miles  long  and  flows  nearly  dije  west 
in  a  rather  broad  valley.  Its  important  tributaries,  from  an  economic 
I)oiiit  of  view,  are  Harris  and  Eureka  creeks.  At  its  mouth  North 
Fork  carries  in  an  ordinary  season  more  than  1,000  miner's  inches  of 
water.  The  basin  of  this  stream  was  the  scene  of  the  first  gold  dis- 
coveries in  the  Kougarok  district,  and  some  of  the  placers  have 
yielded  considerable  values.  The  benches,  of  which  possibly  three 
different  tiei's  are  known,  are  prominent  features,  and  their  gravels 
are  said  to  be  auriferous.  The  following  notes  are  by  Collier  and 
Hess: 

The  original  discoveries  of  ^old  in  tlie  Konparolt  region  were  made  in  10<X)  on 
Harris  Creek,  a  uortliern  tributary  of  Xortli  Forlv,  about  7  miles  from  its  moutli. 
Since  then  mining  operations  liave  been  continuous,  l)ut  tlie  wliole  amount  of 
gold  produced  up  to  1903  probablj'  did  not  exceed  $50,000.  Tlie  l>ed  rociv  of  North 
Fork  and  its  tributaries  consists  of  schists  interbedded  with  limestones  tliat  are 
correlated  on  fossil  evidence  with  tlie  Port  Clarence.  A  small  amount  of  gold 
has  been  mined  on  Eureka  Creek,  a  tributary  of  North  Fork,  about  1  mile  above 
Its  mouth.  The  creek  valley  is  narrow,  but  it  contains  some  gravels  consisting 
of  schist  and  vein-cpiartz  pebbles.  Tlie  gold  is  mostly  fine  and  the  largest  nug- 
get found  was  worth  only  about  7  cents.  Harris  Creek,  from  the  standpoint  of 
gold  mining,  is  the  most  important  tril)utary  of  North  Fork.  The  camp  locate<l 
here  can  be  reached  by  pack  train  from  Lanes  Landing,  which  is  about  .".()  miles 
distant,  or,  during  higli  water,  freight  may  be  brought  up  Ivougarok  Kiver  in 
small  boats  within  a  few  miles  of  the  camp. 

The  plateau  is  well  developed  in  this  vicinity,  but  several  limestone  buttes  rise 
above  it.  The  largest  of  these  buttes.  known  as  Harris  Dome,  lies  between 
Harris  Creek  and  the  main  North  Fork.  The  valley  of  Harris  Creek  is  com- 
paratively broad  in  its  upiier  part,  but  within  2  miles  of  its  mouth  narrows  to 
16604— Bull.  328-08 21 
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11  cjiriyou*  Throusrh  tli<?  tipsier  T  mil<?H  of  its  course  thi*  oreek  mnp  nearlr 
MiJiitJiwci^^  lijru  it  tiir»K  si>iui!W(i«t  abruptly  «iid  liovvi*  due  soutli  for  nearly  li 
mile**  to  lU  ttiuUtk  It  ortliniir1l>'  */iirrieH  from  2<:w>  to  aOii  miner's  inches  of 
^^'ntt»r.  but  iibout  2  miles  nlmve  Ite  inmitli  the  wnter  siak^  and  only  after  a  heavy 
rultu  wben  the  ereek  Ih  nnu8uully  full,  does  it  carry  water  through  Its  whole 
rr-ngth. 

Tht*  bed  roek  for  2  nilli*«  uliove  the  uioutii  of  the  creek  Is  nmsBiv*  Ihnestone^ 
froui  wtilch  Silurian  rosiBlls  have  btxni  obtohiHL  It  wnii  Impossible  to  make 
out  the  beddluff  at  tills  IktieKtune,  Alxivo  th€'  limestone  area  the  L*reek  flows  for 
a  a  umber  of  mlh^  over  Hillceoufi  mJeu  Rchl»t.  which  striken  to  tbe  northwest 
and  dips*  to  the  uorthejis^t  at  a  lilgh  angle,  and  which  i?on tains  many  small 
»<tringer«  of  quartss.  The  headwaters  of  Harris  Creek  are  in  Iltnei^tone  isomewUut 
Hlrnllar  to  that  near  thp  mouth  of  the  creek. 

All  tJie  work  nil?  gold  placers  are  located  witlilii  3  miles  of  the  mouth.  For 
iilmut  i  mile  up  the  rreek  the  valley  in  very  narrow  and,  although  the  claims 
here  have  nt-iirly  all  be<ni  worked,  it  U  rejiorteti  that  they  laive  yielded  scarcely 
more  than  wage>t  for  tbe  nam  employed.  Above  this  wt retch  the  gi^avel  deiw^i^it 
ja  4  or  'i  feet  thicJ*  and  atmut  ItX)  feet  wide.  A  plt»  4<>  by  ;M)  feet»  1  mile  froia 
the  mouth,  Is  said  to  hsi  ve  yielded  $12  to  $15  to  the  shovel.  The  Iwd  rock  Is  lime- 
stone, more  or  \tm  shattered  In  sf/me  places*  and  the  gold-bearlns!  se^Umenti* 
extend  downward  in  the  crevicea.  'IVo  miles  from  the  mouth  of  Harris  Creek 
the  workings  show  a  se<'tk>n  about  as  fallows:  Btovvu  simdy  muck*  ti  feet;  gravel 
svith  valutas  In  tlK^  lower  half,  4  feet,  below  which  was  broken  limestone,  hi 
[dace,  more  or  less  wH^athereiL  It  is  reittTrte*!  that  In  one  place  this  broken  limit- 
stone  material  yielded  on  an  nverage  2  cents  to  the  pan  from  the  sni'faet*  dowii 
to  a  depth  of  10  feet.  Wben  the  claim  was  e3camine<l  a  strong  istream  of  water 
was  disa  PI  Hearing  into  n  hole  In  the  bed  rock,  ludleatlng  an  under  jxround  chanueK 
The  fragments  of  limestone  taken  from  this  hole  had  a  diameter  raiuflng  from  :i 
few  Inches  to  about  1  foot  and  the  crevices  between  them  w*ere  tilled  by  a  small 
JtTJi<»uot  i*r  yiOlow  rlay  wtHlhnent  which  canii'd  \ho  gold  The  prepare t ions  fitr 
workhig  clainis  near  this  point  consist  of  two  ditches,  one  from  a  small  tribu- 
tary (Mllcd  i.cft  Fork  and  anotlier  from  the  main  s4^ream. 

Aixmt  .".A  miles  from  the  mouth  tlic  gravels  have  a  considerably  greater  extent. 
The  creek  valley  hero  is  wider,  and  on  the  north  side  there  is  a  gravel  hoiu-li, 
sli;ihtly  above  the  level  of  the  cnH'k.  tliat  has  lux^n  i)rospected  by  a  series  of 
holes  exteiidiiiL:  iiortJiward  and  is  known  to  liave  a  width  of  al>out  l,r.(K)  feet: 
Ihronghont  this  distance  good  prospects  of  gold  are  reported.  Tlie  workings  at 
this  point  show  2  feet  of  muck  above  i\  feet  ol'  gravel  resting  ui)on  4  fe(^t  or  more 
of  broken  limestone  hed  rock.  The  whole  dt^posit  from  the  surface  down  is 
rejHtrted  to  average  .*{  cents  to  the  pan,  which  is  (Npiivalent  to  .$4  or  .*<.">  a  <Mihi«' 
yard.  The  hest  itay  is  not  found  in  the  present  crei'k  l)ed.  but  extends  under 
the  riLcht  bank.  The  claim  here  is  worked  by  a  sliort  ditch  that  takes  water 
from  ll.ii'iis  Creek,  and  about  10  men  w<'re  employed  in  11)0:5.  Above  this  <-laim 
Hie  bed  iMck  of  Harris  Cn'ok  chang«^s  to  a  mica  schist,  and  there  are  no  niori^ 
working  claims.  It  is  the  common  rei)ort  tliat  the  gravels  above  this  point  do 
not  carry  gold  in  paying  rpiantities.  and  certainly  no  pay  gravel  lias  yet  been 
f..nn<l. 

To  exidain  the  origin  of  the  gold  placers  on  Harris  Creek  tlie  following  facts 
must  be  coiisidercMl  :  The  gold  j>lac<'rs  are  conhned  to  the  pnvi  of  the  creek  in 
which  the  bed  rod;  is  limestone  and  they  have  been  f(mnd  richest  wliere  the  bed 
ro<k  is  broken  ni»  by  lissures  and  creviees.  A  i)ossible  exi)lanation  of  the  dis- 
tribution of  th  '  gold  is  that  it  was  d(M-ived  from  small  (piartz  veins  contained 
ill  I  in-  liujcstooe  oi'  ['rum  Ihe  ilnie??loin 
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was  obtained  by  tbe  writers,  and  no  distinct  veins  in  the  limestone  were  seen. 
though  they  may  have  been  overloolied.  A  second  possible  explanation  is  that 
an  old  channel  crossed  the  ridge  from  Taylor  Creek  and  entered  the  present 
valley  of  Harris  Creek  at  the  upper  contact  of  the  limestone  area,  where  the 
present  richest  claim  is  found.  A  study  of  the  topography  fails  to  indicate  that 
such  a  channel  has  existed,  and  no  gold  placers,  which  should  exist  in  such  a 
channel,  have  been  found.  A  third  and  probably  the  true  explanation  of  the 
occurrence  of  gold  on  Harris  Creek  is  that  it  is  derived  from  small  quartz  veins 
and  stringers  in  the  schist  l>elt  which  crosses  the  creek  above  the  limestone,  and 
that  it  has  been  washed  down  the  creek  and  concentrated  in  the  broken  l)ed  rock 
of  the  limestone  belt  This  hypothesis  is  borne  out  by  the  facts  that  small 
quartz  veins  have  been  observed  within  these  schists,  that  all  the  gold  of  Harris 
Creek  is  well  rounded  and  waterwom,  and  that  no  large  nuggets  have  been 
found.  The  failure  to  find  gold  in  paying  quantities  within  the  schist  belt  may 
be  accounted  for  by  the  fact  that  the  schists  do  not  form  proper  riffles  for  hold- 
ing and  concentrating  fine  gold. 

The  largest  nuggets  do  not  exceed  $1  in  value.  The  average  value  of  the  par- 
ticles is  less  than  one-tenth  of  a  cent. 

Gold  in  paying  quantities  has  also  been  discovered  in  the  gravels  of  North 
Fork  itself,  and  in  1903  mining  was  in  progress  alwut  a  mile  above  the  mouth  of 
Harris  Creek.  North  Fork  here  cuts  across  the  massive  Silurian  limestone 
already  described  in  connection  with  Harris  Creek.  In  crossing  this  limestone 
belt  the  valley  of  North  Fork  is  constricted,  and  a  large  part  of  the  water  sinks, 
but  300  to  400  miner's  inches  still  flow  on  the  surface.  The  straim  gravel  here 
consists  mainly  of  limestone  in  more  or  less  angular  pieces.  The  workings  are 
in  the  bed  and  under  the  north  bank  of  the  creek,  and  the  gold  is  found  partly 
in  the  gravel,  but  mostly  in  crevices  between  angular  blocks  of  the  limestone 
bed  rock.  These  angular  blocks  are  called  **  slide  "  by  the  miners,  but  are  more 
l)robably  residual  bowlders  from  the  weathering  and  solution  of  the  limestone 
bed  rock  in  place.  This  bed  rock  is  mined  to  a  depth  of  about  3  feet,  below 
which  there  are  still  some  colors  of  gold,  but  not  enough  to  pay  undtT  present 
conditions.  The  gold  is  bright,  clean,  and  well  rounded.  It  is  rather  coarse, 
probably  averaging  2  or  3  cents  to  the  pie<*e.  and  is  easily  saved  in  the  sluice 
boxes.    The  concentrates  consist  mainly  of  hematite  and  magnetite. 

A  gravel  bench  a  few  feet  alM)ve  the  present  creek  bed,  on  the  north  side,  has 
also  been  prospected.  The  gravel  consists  of  roundeil  schist  and  <iuartz  i)ebl)les 
and  angular  pieces  of  limestone,  and  is  rei)orted  to  yield  fair  prospects  of  gold, 
but  it  has  not  been  mined.  The  occurrence  of  the  gold  here  seems  to  be  similar 
to  that  on  Harris  Creek,  and  it  is  more  probably  derived  from  small  (juartz  veins 
in  tlie  schists,  which  outcrop  farther  up  the  creek,  than  from  the  limestones  in 
whose  crevices  it  is  found. 

COARSE  (;OLD  ('REEK. 

The  alluvium  of  Coarse  Gold  Creek  is  auriferous,  but  as  yet  little 
gold  has  been  extracted.  A  hard  diorite  forms  the  b^d  rock  of  a  part 
of  the  creek  and  does  not  afford  a  favorable  surface  for  the  concen- 
tration of  values.  The  lower  j)art  of  the  creek  is  in  schist  and  de- 
serves the  attention  of  prospectors. 


ArisEona  ami  California  €^ri?ek.s  are  Hmall  ^ti^am^  near  who^ 
ntautliH  are  heavy  gravel  deposits,  linih  th^  dood  plain  and  Ijench 
(ii*fH>sitM  luivi^  yielthn]  gaU\.  CouHuUniihU*  uiining  Iian  Ijeen  done  on 
(icnches  near  the  moulhii  of  Lbe^  uTeek^*  about  20  feet  abcive  the  pres* 
enl  wutiT  level, 

JlfCNHY   C  HKEK**' 

Uimr^r  rn*f^k.  wlilHi  .fiUim  Kousrnmk  Riv*^r  fitiin  tbe  woM  nU*mt  *'•*!  inilesi  frum 
llH  minitlu  \n  iJiily  jil«Hjt  ir»  iiiIU'h  loujr.  Imt  an  iwamwi  nt  U^  riuiiiy  trilniturk*s 
k  bat*  ji  Urr>(o  tlminii;?**  nrva  nrni  ^n  Its  mmitU  4!irriert  hHwrnt  U(kki  and  2,<njti 
iiihit*r*tt  liiHiew  iif  wu tiM\  fJiio  jiiUe  uIkiyi*  lt«  imnitli  tlit*  JltMul  pluiii  i^  njore  tlniti 
l.fMHl  tXHst  wide,  ;iti<]  tin*  f'rcH'U*  tlc^ws  In  m  vi^ry  tortiKnia  tMiiirsp.  Tlie  ImxJ  nw^k 
t'oiisUtK  iimiiiJy  of  ^tt'uphitk'  uud  I'liJuHtU*  eHiint^,  rnmtuhiln^  mJiny  ItcMjlt^^  of 
ljt*i>f^i>sU>ne  wUosM^  intrnslvfi  oHkiii  M  f*vUJent  LliiiPHtoiR*  iiutrrupH  uear  tbt*  11^:^*1 
of  tbo  t'n*t*k.    Tim  xsvnvi*ln  an*  iji»Klt*  up  "f  KnipUltle,  ahlwrltle.  and  ralcite  Kt'UiHt 

Allhouk'Jt  riic'tv  Ik  t*vldi*aco  (if  tutmv  in'oHpt't'liTiK  all  fS]oug  tlw  tTt*ck»  tuUdn^'  has 
Ih'OIi  attMrtiitUNl  :it  oaly  ouo  or  t\\o  |iUm^'K  Two  uiou  wi»ro  shiidug  11  rr  gntv^H 
from  tilt*  (Tt'ck  \Knl  jithoiit  I  milr  frfiru  lUr  int*utl(  In  Au^rust*  1!K1X  Thv  ^oUI  1^ 
11  tit  ziiid  voaipai'iithety  uourKi**  the  ijli.HH.*K  probably  averiiging  p^  or  G  to  tlie  4H*u1, 
but  it  (*(>fitaLn74  my  nu»C!>r^t^  wortti  mnrti  tbnii  it  or  4  e^iit^.  All  tbo  go  let  U  v^'pII 
roiiJubHl  and  Imn  KtalraHl,  Ualf  a  «dle  fartbor  up  tbe  ereek  tbree  uu*n  wei'o 
jiIuU*i[i^.  but  pmbably  \vi*w  not  f*!*ving  iuut4i  j?o ld»  hsu  work  wiiJ*  «u>ii»end€*ij 
lief  on*  tbe  end  of  tbt*  reason,  Fron*  present  In  d  Unit  ton  pi  It  seems  iirobablo  tbat 
Um'Tm*  nri*  Im^v  t,T;i{|i'  pfnt'-h^r  <f('|insi(s  tin  Mt'iiry  ^'i-i*i'k  wlilrb  lOJt.v  ln'  riKMlc  l^ 
yield  i>r()fits  l)y  umw  ccononiical  niotluKls  of  niininj;  tliau  were  in  vogun  :it  tlie 
time  llje  exniiiinatioii  was  made. 

DKKA.MY    <.rL(  II." 

I)renmy  (hilcli  is  a  small  denressien,  rarryiiijr  littlo  water  nt  nny  soasnn. 
which  ciils  a<cnss  Hie  hiilside  and  heiiches  on  the  east  side  (tf  Koiiirarok  Kiver, 
ahout  one  hair  mile  ahove  the  mouth  of  Henry  Creek.  The  whole  hillside,  as 
well  as  the  head  of  the  .L'nlci!,  is  ij^ravel.  IJeneath  the  tundra,  jxravel  from  .'5  to 
Ti  feet  Ihlcj^  rests  ujion  a  hed  rock  of  dark,  calcareous  ndea  schist.  .*»(>  to  40  feet 
al)«>\-e  the  i-i\cr  hed.  The  i^'rr.vel  coidaitis  jx'hhles  of  mica  and  chlorite  s<'hist 
li-om  <me-hall"  to  '\  inches  in  diametei-  and  larixe  howlders  of  wt'll-routided  <iuai-tz 
ni»  to  is  inches  in  their  lon,u(>r  dinnMision.  A  few  miMi  worked  here  in  liXKi. 
and,  allhoULcIi  the\  had  watei'  foi"  slulcinLC  only  when  it  rained,  they  probahly 
a\('i-a,i:cd  from  ST  to  $H>  a  <lay  to  the  shoNcl.  The  i^old  is  coarse,  rusty,  and  well 
r(»undcd.     Tiie  largest  nugget   taken  (ad  was  valued  at  .*j^l.lO. 

r.\^i<(H{  (  Ki.KK. 


Koiio-Mrok  Tvivor  forks  nl)ont  :>8  milos  from  itR  month  in  two 
hraiK'lies  of  about  (Mjiial  size.  The  eastern  l)raneh,  called  Taylor 
Creek,  rises  soiillieast  of  Midniii'lit    Mountain  and  flows  westward  to 
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schist  that  extends  northeastward  to  Midnight  Mountain,  but  imme- 
diately south  of  that  mountain,  about  G  miles  above  the  mouth  of  the 
creek,  there  are  exposures  of  a  massive  limestone  that  is  correlated 
with  the  Port  Clarence.  The  creek  cuts  across  the  strike  of  the 
schists  and  limestones.  Colors  of  gold  are  known  to  have  been  found 
on  this  creek  and  some  of  its  tributaries,  but  not  much  mining  has 
been  attempted. 

Some  mining  has  been  done  near  the  mouth  of  the  creek,  where  the 
placer  deposits  are  similar  to  those  of  the  flood  plain  of  the  Kouga- 
rok,  of  which  they  form  an  extension.  Besides  this  the  only  mining 
attempted  in  this  basin  is  on  a  small  tributary  called  Solomon  Creek. 
At  the  mouth  of  this  stream  there  is  a  sloping  bench,  on  which  lies  3 
to  7  feet  of  gravel  covered  by  8  to  10  feet  of  muck.  The  gravel  is 
auriferous  and  has  been  mined  in  a  small  way,  as  have  also  the  stream 
gravels  of  Solomon  Creek  one-half  mile  above  its  mouth. 

IIOMESTA  K  K    (  REEK ." 

Homestake  Creek  enters  Koiigarok  River  from  the  west  about  J^5  miles  above 
its  mouth,  and  is  4  miles  long.  It  heads  in  the  plateau  at  an  elevation  of  l.GOO 
feet,  and  in  the  4  miles  of  its  length  falls  approximately  800  feet,  averaging 
about  200  feet  to  the  mile.  Although  gold  was  probably  discovered  here  as 
early  as  1900,  active  efforts  at  mining  were  not  begun  until  1902.  In  that  year 
several  thousand  dollars  in  gold  were  produced  along  the  creek.  In  general,  the 
workings  have  yielded  scarcely  more  than  wages  to  the  men  employed. 

The  valley  of  the  creek  is  broad.  Nowhere  along  its  course  is  a  definite 
canyon  developed.  The  bed  rock  consists  of  dark-colored  graphitic  and  calca- 
reous mica  schist  similar  to  that  which  prevails  along  this  part  of  Kougarok 
River.  In  the  creek  bed  and  extending  out  from  it  for  an  undetermined  distance 
are  deposits  of  more  or  less  stratified  gi'avel,  which  in  the  bank  are  overlain 
by  nearly  pure  ice  covered  by  muck  and  moss.  The  creek  bed  is  practically 
incised  in  the  gravel  dejwsits  that  cover  the  west  wall  of  the  Kougarok  Valley. 
Some  gold  has  been  found  in  the  gravel  floor  of  Homestake  Creek  from  its 
mouth  to  its  head.  One-fourth  mile  from  the  river  the  U»ix)sit  consists  of  4  to 
5  feet  of  muck  and  fine  sand  resting  upon  beii  rock.  A  j)it  about  20  by  .^>0  feet 
In  the  creek  bed  has  been  mined  out.  The  gold  obtained  is  generally  in  larger 
and  thicker  pieces  than  the  river  gold  and  inciude<l  one  nugget  worth  $14.40. 

Half  a  mile  ^^m  the  mouth  a  crosscut  ditch  showed  about  T)  feet  of  gravel 
resting  upon  bed  rock.  It  is  rei)orted  that  on  this  claim  some  i)ans  yielded  as 
much  as  25  cents  each,  and  further  tests  show  tlint  all  pans  carried  some  gold. 
but  that  no  continuous  iKxly  of  pay  grnv(»l  was  found. 

One  mile  from  the  mouth  a  body  of  pay  gravel  8  feet  wide  and  40  feet  long 
has  been  worked  out.  The  values  in  some  places  extendeil  under  the  banks, 
beyond  the  limit  of  tlie  workings,  and  probal)ly  some  values  have  been  left  in 
the  tailings.  The  owners  of  the  claini  (estimated  that  the  pay  streak  is  possibly 
40  feet  wide.  It  is  reiwrted  that  near  the  head  of  Homestake  Creek  a  pay  streak 
25  feet  wide  has  been  followed  for  a  distance  of  Vu)  fei»t  along  the  creek.  The 
gold  was  coarse  and  the  highest  values  were  near  the  creek  beti.  It  was  not 
mined  at  the  time  of  visit,  as  to  work  the  claim  economically  a  long  drain  ditch 
is  needed. 


•Description  by  Messrs.  Collier  and  Hess. 


Iti  K^^nonJh  Uu*  \my  streak  iikjtif:  Ilomestak^  Cr^k  Ik  from  8  to  40  foot  wWe, 
and  U  nmllneil  lo  the  TiiJIey  floor,  Imt  ru»t  iiewsn^irily  l<j  tUe  prtiiient  j*trt*iini  htx\, 
Tiw  gold  b  of  11  Uttlr  lower  grude  thaa  that  from  Kougai-ok  lUver,  »ind  In  iu  tli** 
ilia  111  flHi'kly  «tnlned, 

MADKlJtN   t'REEK,* 

Mftekllu  Cre*'k  joUm  the  Kougnrok  at  tbe  grent  t»€*nd  4t>  miles  nborp  U^  motitlu 

The  tw'o  viiUoyn  have  tlit*  Huine  jLxis,  rniiTUiig  alKiut  esiwt  ami  vM?Kt,  aijd  tlu*  iijiti- 
liliiad  »tre*uu^  run  aoutUwnrd,  thni*  foriulnir  ii  T.  An  utte«»pt  iu  work  plau^rs 
along  tbis  creek  In  1901  ia  dje«c.rU*ed  !n  a  provtoiiH  rpjiort,^  liiit  no  work  wa^  In 
firosrre^fi  In  UHUi  Some  (nnits  of  foniimrfttli-oly  rich  ernivt'l  laave  li*:fen  found, 
but  ttu'lr  development  lum  l>ecn  wtopiMMl  l»y  l»iwwnit:fl.  It  flewnw  ppobable  that 
Kimit*  of  the  gnjveU  i*f  Macklin  Creek  cun'y  Kuflidt*ijt  valtiew  to  yield  fair  retnnie 
If  wiirkcd  ec»:jnomically. 

C01.TJMBIA    CREKK.'' 

ColtiAibIn  Cr^k  Is  anolbpr  sumll  tributary  of  Kongarok  Rlvpt  aliotit  0  uilk*H 
a!>o?e  tbe  mouth  of  Xtacklin  Creok,  It  lieada  iienr  IIoriM*stiikf  tyof^U,  and  itavc^ 
iiorlUwiird  It  StJ  re i jo r ted  that  tweirty  Htilini*  \m\i*  ln.M*n  Uiral***!  alnti^  i!ie 
c-n-iik,  and  that  dtirln^f  l!Miri  ntM*  waja  hi^Itnc  tlevtUjiM^L  Tin*  s'dd  Ijj  :^alfl  to  ht* 
cniiirHe,  Urn  larg^Kt  nnjiist*!  found  Iw^liig  worth  $1N.  Kiuuc  of  It  In  ntsihiod  Ivpowti 
araJ  hlaf*k,  lait  the  rent  in  hrltjJd  yellow.  U  is  nil  nmiv  <tr  U*kh  anpilar  and 
^am*  of  it  has  quartz  attaehHL  Two  men  working  on  tldrt  vIbUu  obtalueil  $i;3*. 
'l*here  ^s  r"*f>hably  t^onslderahle  low-tfradf'  griivel  tiloug  lUla  creek  thut  ciin  uot  he 
workit^d  iirofltaldy  under  jn*ei*ent  i*<indltion«. 


CONCLUSIONS, 

The  iiivestifjations  on  which  this  report  is  based  were  entirely 
loo  iii;ule(|iiate  to  ix'i-mit  a  final  word  on  tlie  value  of  the  auriferous 
<;ra\(']s  of  (lie  disti-irt.  That  there  are  extensive  alluvial  de])osits 
which  uiay  eai'i'v  sulliciently  \\\*s\\  values  to  yield  returns  for  eco- 
nouiical  niiniui:'  no  oue  ran  deny  who  has  studied  the  Held  carefully. 
It  is  (Mjually  well  known  that  as  yet,  with  the  exre])tion  of  a  few 
claims,  no  ora\'els  of  wvy  hi^h  <ri-ade  ha\e  been  (level()|)e(h  Certain 
conditions  already  referred  to  are  fa\orable  to  the  })rol)able  extension 
of  the  i)lacei--inininij:  inchistry.  One  of  these  is  tlie  wide  extent  of 
the  mineralization.  If,  as  stated  elsewhei'e  ii]  this  i-eport  (p.  l*J-2). 
the  zones  of  mineralization  of  the  ])eninsula  are  most  conunonly 
I'ound  alonij-  or  near  the  contacts  of  mica  schist  and  limestone,  then 
l)lacers  should  be  ex})ected  in  the  K()U<;ai'()k  re<»:ion.  As  in  other 
minei-al-bearini:-  districts  of  the  ])(»ninsula,  the  bed  rock  is  closely 
folded,  faulted,  and  fractured,  and  mineralized  quartz  strinirers  are 
not  unconnilon,  but  have  not  l)een  tested  as  to  their  gold  content.  In 
at  least  two  localities  the  ^old  has  l)een  traced  to  its  bed-rock  sonrce 
in  the  schists.     So  far  as  the  })resent  studies  can  determine,  the  bed 
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rock  is  no  less  favorable  for  the  occurrence  of  gold  here  than  in  other 
districts  of  the  peninsula. 

The  history  of  this  province  since  it  was  last  elevated  above  the 
sea,  interpreted  according  to  theories  elsewhere  presented,  points  to 
the  concentration  of  gold  in  the  alluvial  deposits.  The  various 
epochs  of  erosion  indicated  by  the  bench  deposits  would  promote 
the  concentration  of  the  heavier  materials  in  the  gravels.  In  sev- 
eral localities  on  Kougarok  River  the  gold  was  probably  derived  by 
reconcentration  from  older  elevated  placers.  Yet  it  must  be  said 
that,  in  spite  of  this  reconcentration,  the  resulting  placers  have  not 
been  found  to  be  as  rich  as  those  of  similar  origin  in  other  parts  of 
the  peninsula.  This  fact  points  toward  the  conclusion  that  the  bed- 
rock source  is  not  as  heavily  mineralized  as  in  some  of  the  other 
districts.  The  lower  bench  gravels  of  the  Kougarok  and  of  some 
of  its  tributaries  are  undoubtedly  among  the  most  important  deposits 
of  the  district,  if  only  because  of  their  favorable  position  for  cheap 
mining.  The  highest  gravels  (i.  e.,  those  above  50  or  60  feet)  re- 
ported at  various  places  have  now  little  prospect  of  development 
unless  they  are  far  richer  than  any  of  the  other  deposits.  Their 
topographic  position  makes  it  difficult,  if  not  impossible,  to  hy- 
draulic except  at  great  cost.  Experience  has  shown  that  the  abun- 
dance of  ground  ice,  the  limestone  masses,  and  the  heavy  talus  all 
combine  to  make  ditch  construction  and  maintenance  expensive. 

The  writer  is  unable  to  make  a  definite  statement  as  to  the  gold 
tenor  of  the  gravels  in  this  field,  for  the  results  of  the  little  pros- 
pecting that  has  been  done  are  not  available  for  this  report.  'NVhen 
the  meager  evidence  is  carefully  weighed,  it  seems  probable  that 
$1  to  the  cubic  yard  must  be  considered  high  value  for  most  of  the 
placers  of  the  district.  Whether  or  not  there  are  considerable  bodies 
of  gravel  which  carry  such  values,  the  writer  is  not  prepared  to  state. 
While  a  gold  tenor  of  $1  would  be  considered  very  rich  in  most 
placer  camps,  it  is  low  compared  with  that  of  some  of  the  auriferous 
gravels  of  Anvil  and  Ophir  creeks.  Nevertlieless  it  is  probable  that 
gravels  can  be  profitably  mined  at  but  a  fraction  of  this  amount  in 
many  places  in  this  district. 

The  two  dry  summers  of  1900  and  1900  make  it  evident  that  such 
climatic  conditions  must  be  reckoned  with  in  counting  cost,  especially 
where  large  investments  of  money  are  made.  Though  during  a  wet 
season  water  is  abundant,  nevertheless  the  Kougarok  region  has  no 
such  reservoirs  to  draw  on  as  the  Kigluaik  Mountains,  which  are 
being  tapped  by  the  Nome  ditches,  and  this  fact  is  emphasized  by  a 
dry  season  like  that  of  190G.  At  the  present  rate  of  ditch  building 
every  possible  source  of  water  supply  will  soon  have  been  utilized. 
Here,  as  elsewhere,  more  careful  prospecting  of  the  ground  would 
probably  have  curtailed  some  of  the  ditch  building.    It  appears  that 


imn&  opi^vntoT^  Imvo  bet^n  too  ready  to  believe  without  ade^qnatc  prog 
pectin^  that  the  vidues  in  tlie  groumi  \vi*re  fiuflicieiit  to  warrant  largte^ 
expend  i  I  ai\^s  fur  diteh  construction.  Tins  hit-or-miss  sty  It?  of  loining 
has  fewer  odd^  against  it  in  regions  where  the  hope  of  finding 
txinanzasi  U  iM^tter  than  in  Ihe  Koitgarok.  It  cei^t^inly  can  find  no 
phitH.^  in  a  region  where  th*^  question  of  easts  has  to  be  ca  113 fully  con- 
mdored.  ^ 

The  Kougarok  doe??  not  appear  to  Ix*  an  inviting  field  for  the  miner" 
without  (^apitah  Though  considerable  gold  hav  lK?en  i^ecovei^d  by 
pick  and  shovel,  on  the  whole  the  values  thus  far  deveIo|>ed  are  not 
high  enough  to  yield  profit;^  by  such  simple  methods  of  mining-  This 
in  certainly  true  now,  but  conditions  may  alter  with  the  reduction  of 
costs  of  labor  and  supplies. 

To  recapitulate  briefly,  the  fallowing  fact**  appear  to  be  i^st-ablished 
(1)  Pn>t^iH*cting  u])  to  the  present  tjuie,  so  far  as  known  to  tiie  writeFij 
has  not  established  the  existence  of  many  bonanzas,     (2)  There  a 
some  extensive  deposits  of  heavy  auriferous  gravels,  yet  it  ap[>ea 
that  but  few  of  them  have  been  suiheiently  prospected  to  prove  theirj 
\mlues*     (S)   Water  ia  far  from  abundant,  but  in  many  localitii 
during  most  seasons  is  probably  sufficient-    {4)  Mineralization,  how*-] 
ever,  is  widespread,  as  is  also  the  gold  in  the  alluvium.     (5)   Some  of 
the  bench  deix)sits  are  veiy  favorably  located  for  profitable  exploita- 
tion by  hydraulic  methods.    (0)  There  is  probably  some  ground  which 
can  Ix'  drrdgiMl,  hut  n>  yt  t  few  fiict>  in  rcgurd  to  it  :ire  nvai bible. 

In  the  o})inion  of  the  writer  the  Kougarok  district  may  become  one 
of  the  important  gold  })roducers  of  the  })en insula,  though  it  is  not  to 
])e  expected  that  its  ()ut})ut  will  ever  l)e  comparable  to  that  of  some 
of  tlie  oUUm-  (listriets.  such  as  Xoine  and  Ophir  Creek.  It  is  a  field 
where  prolits  can  be  ex])ect(Ml  only  by  a  careful  counting  of  costs  and 
conservalive  bii^^iness  nianagejiient. 


GEOLOGY  AND  MINERAL  RESOURCES  OF  IRON  CREEK." 


By  Philip  S.  Smith. 


INTRODUCTION. 

Iron  Creek,  one  of  the  largest  tributaries  of  the  Kruzgamepa,  joins 
that  river  near  the  great  bend  about  11  miles  east  of  Salmon  I^ake. 
Although  really  continuous.  Iron  Creek  bears  three  names  in  different 
parts  of  its  valley ;  thus  from  its  mouth  to  I^eft  Fork,  a  distance  of  7 
miles,  the  stream  is  called  Iron  Creek;  above  Left  Fork  as  far  as 
Eldorado  Creek,  a  distance  of  1  mile,  it  is  called  Dome  Creek,  and 
from  Eldorado  Creek  to  the  divide  it  is  called  Telegram  Creek.  This 
confusion  of  names  is  due  to  the  interpretation  of  the  mining  laws 
which  permits  the  staking  of  additional  claims  on  different  creeks — 
i.  e.,  creeks  having  different  names.  There  are  four  main  tributaries, 
the  three  largest  being  from  the  south  and  the  fourth  and  smallest 
from  the  north. 

Owing  to  the  fact  that  some  errors  occur  in  the  reconnaissance  map 
of  1900,^  the  only  map  prepared  by  the  Geological  Survey  of  this 
region,  it  has  seemed  advisable  to  correct  such  inaccuracies  as  were 
noted  in  a  hasty  trip  along  the  stream  in  1900.  Much  assistance  in 
platting  the  district  was  afforded  by  the  transit  notes  of  a  ditch  sur- 
vey made  by  J.  M.  Love,  of  the  Gold  Beach  Development  Company. 
A  corrected  map  of  the  Iron  Creek  basin  is  shown  in  fig.  19.  It  will 
be  noted  that  this  basin  is  roughly  triangular.  The  western  side  of 
the  triangle  forms  the  divide  lietween  the  drainage  of  the  Kruz- 
gamepa and  that  of  Iron  Creek.  The  southern  side  of  the  triangle 
in  the  western  part  separates  the  Iron  Creek  drainage  from  the  head- 
waters of  Gassman  and  Venetia  creeks,  both  tributaries  of  Eldorado 
River.  The  divide  from  Venetia  Creek  is  low,  being  only  about  800 
feet  above  the  mouth  of  Iron  Creek,  or  1,000  feet  above  the  sea,  so 
that  it  affords  a  good  route  for  a  road  to  Nome.  The  eastern  portion 
of  the  southern  side  of  the  triangle  forms  the  divide  between  the  Iron 

•Extract  from  Bull.  U.  S.  Geol.  Survey  No.  314,  1907,  pp.  157-168. 
*  ReconnaissaDces  In  Capo  Nome  and  Norton  Bay  regions,  Alaska,  in   1900;    a  special 
publication  of  the  U.  S.  Geol.  Survey.  1901,  pi.  17. 
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^BD  PENlN^f 


Crook  fttif!  Oasatl{ipapi  iirainnj2:eH,  A  low  puns,  with  an  elevation  ol 
about  UOOO  feH,  ponnits  a  fair  wagon  road  to  run  up  Telegram 
Cirolc  anrl  down  Lower  Willow  Civek  to  the  Coiiucil  City  and  Solo- 
mon Rivtr  UailnniiU  n  ili^ilant'C  from  the  jiniction  at  Iron  and 
Canyon  ereeks  of  13  uulm.  Now,  howevei-,  that  tlie  Seward  Penin- 
suhi  Hallway  frum  Nome  to  i\w  Koujjarok  has  bt^n  completed  beyond 
the  mouth  of  Iron  Cn*ek,  it  is  ]u()ba(ilc  that  with  reaKonalde  freight 
rates  the  use  of  the  wn^on  nmds  will  decreatst%  though  freight  in  now* 


Cs^gjieJ^apo  \ 


Ditch  Trail 

l"i.;.    r.».      Sketch    iiini'    t»r    Iron    Cr.-rk    l»:isin. 

(Icliverod  nt  Ii'oii  Ci'tM/k  l>y  winlor  haulinof  from  Nome  for  only  2 
(M'lils  M  j)()iiii(l.  The  norllicrn  side  of  llu'  Iron  Creek  (h'ainaofc'  l)asin 
foiiiis  the  (Ii\i(l('  from  Shcrrrt  Croek  and  several  smaller  streams 
which  How  northward  into  the  Krnz<i:anie})a. 

riiYsuxnjAPiiv. 

STAGES   OF  VALLEY   CUTTING. 

The   |)hvsirnl   features  of  the  district   are  complex,  and  only  the 


THE  IRON    CHEEK  REGION.  331 

slopes  of  the  valley  walls.  In  this  portion  the  bed  rock  is  so  covered 
over  that  exposures  are  practically  wanting.  This  is  due  to  a  perio<l 
of  erosion  and  the  accumulation  of  a  heavy  mantle  of  waste  that 
reaches  nearly  to  the  top  of  the  divide.  The  higher  portions  of  the 
divides  are  generally  bare,  consisting  of  fantastically  curved  pin- 
nacles of  rock  from  which  taluses  with  steep  slopes,  practically  un- 
covered by  vegetation,  descend,  gradually  merging  with  the  smoother 
moss-covered  slopes  of  the  middle  portion  of  the  valley  walls. 

The  streams  in  their  lower  courses  flow  in  rock-walled  canyons. 
In  tracing  any  one  of  the  streams  headward  the  canyon  is  found  to 
decrease  in  height  and  to  merge  gradually  with  the  older  topogra- 
phy previously  mentioned.  The  history  of  these  features  suggests 
that  the  former  topography  of  gentle  slopes  and  wide,  open  valleys 
was  produced  by  the  long-continued  erosion  of  rivers  and  weathering. 
Sul)sequently  uplift  of  the  region  renewed  the  down-cutting  power 
of  the  streams,  so  that  canyons  were  carved  in  the  floors  of  the  old 
valleys.  This  erosion  allowed  ra})id  reassortment  of  th(»  old  gravels 
and  waste  and  thus  effected  the  concentration  of  any  gold  or  other 
heavy  minerals  which  may  have  been  contained  in  the  gravels. 

The  canyon  cutting  ceased,  however,  before  it  had  progresstnl 
beyond  the  low^er  portions  of  the  streams.  The  interruption  was 
produced  either  by  a  movement  of  the  land  or,  as  is  more  probably 
the  case,  by  a  climatic  change  which  decreased  the  amount  of  water 
transported  by  the  streams.  Such  a  change  may  have  also  been 
responsible  for  the  disappearance  of  the  local  gla(;iers  which  were 
formerly  present  in  the  Kigluaik  Moiuitains.  Whether  the  climatic 
change  had  anything  to  do  with  the  retreat  of  the  glaciers  or  not  is, 
how^ever,  of  slight  importance  in  this  discussion.  Some  change  nuisl 
have  occurred,  for  the  streams  are  no  longer  down-cutting,  but  actu- 
ally building  up  the  fl(X)rs  of  their  valleys.  The  reason  for  believing 
that  the  change  must  have  been  one  which  afl'ected  the  rainfall  rather 
than  the  elevation  of  the  district  with  respect  to  sea  level  is  based  on 
the  shape  of  the  rock  canyon.  The  (canyon  has  a  broad,  swinging 
course  which  is  so  symmetrical  that  it  could  not  have  been  pr()dnc(»d 
by  the  straggling  present  stream,  which  occupies  only  a  snuill  por- 
tion of  the  fl(K)r  between  tlie  rock  walls.  Many  other  streams  in 
different  parts  of  Sew^ard  Peninsula  show  this  same  feature.  Tlu^ 
extensive  development  of  this  phenomenon  suggests  a  widespread 
cause,  such  as  climatic  change,  rather  than  a  local  cause,  such  as 
uplift. 

EVIDENCES   OF  GLACIATION. 

Another  feature  of  some  theoretical  interest  is  the  presence  of  gran- 
ite bowlders  on  the  divide  near  the  low  sag  at  the  head  of  Matt  is 
Creek.  In  the  rapid  reconnaissance  it  was  impossible  to  examine  the 
district  with  sufficient  care  to  make  a  final  statement  as  to  the  origin 


of  the^  Ixiwldprs.  It  h  ktiowii,  huwevL^r,  that  there  m  no  granitt?  of 
similAr  character  s*>uth  uf  tlm  Kii^Inaik  Mountains.  Fllrthenno^^^ 
tli(?  granite  iKjwkJei-s  aiv  innveathered,  '^liowing  that  they  have  not 
Ix'en  in  their  present  pa^^itia^  a  very  long  time  geoiogictilly.  Ahhough 
tlie  (|tiestion  has  woi  hi*4'n  ciireftillv  stiKliiHl  in  the  field,  it  is  suggeste 
llnit  puKsibly  then.^  Lunvlders  havu  been  bronglit  by  ghu-iers  from  Kig-j 
biaik  Mount  11  ins  and  carried  into  their  present  position  by  ice  blcjcl 
iloaJifi^  m\  a  bike  fonru^d  Ijv  fjlacial  (ibstructitju  of  the  draiimge.— 
Tbii^  ^uggewtion  is  to  bu  regarded  only  as  a  working  hypothe-^iN  but  it 
Kts  ill  vvitii  the  known  fuet«j,  which  luay  Ije  summarized  as  folknvs: 
Tlie  auj^dar.  nnw*.«athered  form  and  foreign  t'lia meter  41  f  the  granite* 
autl  the  piVHence  of  nhore  lilies  at  considerable  t*le  vat  ions,  Lakt^s  of 
tluH  type  art^  common  in  n^'gions  that  are  at  presiMit  glaciated,  ami 
evirk*nres  of  siu'b  lakes  Imve  bei»n  reeogni/.ed  in  n\aoy  placehi  whe 
ghieiers  have  now  disa[>]H'iinHh 

a  KNKR  A 1.  a  ¥A  >  H  >€ !  Y 

The  IkhI  ruek  of  the  district.  Ixdongn  to  tlie  Nome  seri^.  It  emi 
sjsts  of  a  series  of  iiim4i  fauhed  and  eontoi-led  limestones  and  schists 
and  y^Hiw  gn»enstoni*s.  '['he  greatest  development  of  limestone  o(*cui"s 
in  the  low^er  part  of  Irtm  Creek*  bnt  a  givat  number  of  thinner  beds 
interlaminated  with  scliists  are  encountereti  even  up  t^o  the  head- 
nntiM>.  It  i^  )ii'Ii(^\rd  Ibiit  tbr  m^mr^J^H  silh^rnidioii^  nf  ^rhi>t  uut] 
limestone  are  indicative  of  the  source  of  the  Iron  Creek  gold.  AI- 
ilioiigli  110  c\teiisi\-c  ])r()()f  of  mineralization  at  the  lime-^tonc-schist 
contacts  has  l)cen  found  in  this  locality,  the  fact  that  such  contacts 
aic  the  h»ci  of  miuerali/ation  has  been  very  well  established  in  othei* 
l)arts  of  Seward  Peninsula. 

The  rocks  of  the  Ti'on  Creek  district  trend  northeast  and  southwest 
and  (lip  toward  t  he  southc^ast,  but  theivare  numerous  exceptions  to  this 
i!'eiiei*al  direction,  as  the  rocks  ai'e  complexly  folded  and  faulted.  T\\r 
defoiMnation  and  cousecjucMit  shatterinii- that  the  rocks  have  undei-<4()ne 
ha>  iiudoiibtedly  resulted  in  the  formation  of  zom^s  of  jH'i'vious  rock 
ill  ^\  hich  iiiiiiei'alizat  ion  has  taken  i)lace.  Tiie  sti'eani<  also  ha\'e  taktMi 
a(l\  antai^e  of  the  iioitheast -southwest  structun^  and  ])ractically  all  the 
iril)iilai"ies  are  arranii'eil  parallel  to  this  dii'ection. 

Ill  litholoiiic  chai'actei-  the  rocks  are  similar  to  tin*  Nome  series  as 
(le-cril)e(l  for  other  |)ai'ts  of  the  lield.  The  schists  pres(Mit  two  main 
lilholoi^ic  facie-,  namely.  iira])liit ic  and  chloritic.  No  boundary  be- 
Iwceii  the  two  c:iii  be  drawn  at  the  ])resent  time,  although  it  is  believed 
that    (letaileil    study    would    ^ohc    their    interrelation    and    structure. 

*l\    develoned   in    In 
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quailz  ai*e  the  only  minerals  distinguishable  in  hand  specimens.  Gra- 
phitic schists  are  most  abundant  on  Telegram  Creek  above  Eldorado 
Creek.  These  rocks  are  in  general  but  slightl}^  schistose  and  would 
better  be  described  as  dark,  nearly  black,  graphitic  quartzites,  with 
here  and  there  schistose  phases.  Hand  specimens  show  considerable 
quartz  and  a  little  chlorite.  The  other  constituents  are  not  distin- 
guishable by  the  eye,  through  the  presence  of  graphite  is  recognized 
by  its  soiling  the  hands.  Here  and  there  some  sulphides  are  found, 
especially  in  the  places  where  dislocations  occur. 

The  greenstones  which  occur  in  the  Iron  Creek  region  have  not 
been  studied  in  detail,  but  seem  to  be  similar  to  those  found  in  the 
adjacent  comitry  nearer  Nome.  If  this  correlation  is  correct,  they 
are  mainly  of  intrusive  origin.  Rumors  were  heard  of  an  extrusive 
flow  of  greenstone  south  of  Iron  Creek,  but  neither  was  it  found  in 
place  nor  was  any  float  of  an  extrusive  greenstone  seen,  so  that 
doubt  is  felt  about  the  occurrence  of  a  surface  flow. 

MINING   DKVEI^OPMKNTS. 

GENERAL  CONDITIONS. 

Mining  on  Iron  Creek  has  been  much  retarded  by  the  inaccessi- 
bility of  the  region,  but  this  obstacle  is  now  disappearing  with  the 
building  of  railroads  and  wagon  roads.  Freight  from  Nome  can 
now  be  delivered  by  the  Seward  Peninsula  Railway  at  the  mouth  of 
Iron  Creek,  but  the  schedule  of  rates  was  not  learned.  It  has  already 
Ijeen  noted  that  in  winter  supplies  can  be  brought  in  by  team  at  a 
cost  of  2  cents  a  pound.  The  cost  of  summer  hauling  by  team  to 
Iron  Creek  is  now,  owing  to  the  fair  condition  of  the  road  to 
Xome,  but  little  higher  than  the  winter  rate. 

DITCH  CONSTRUCTION. 

In  1906  work  on  Iron  Creek  and  its  tributaries  had  almost  ceased 
at  the  time  of  the  writer's  visit  in  the  later  part  of  September. 
With  one  exception  the  work  for  the  season  seemed  to  have  been  car- 
ried on  by  small  outfits  of  only  one  to  five  men  each,  and  a  liberal 
estimate  of  the  output  of  the  creek  and  tributaries  for  th(»  year 
would  not  exceed  $50,000.  The  most  important  work  during  the 
last  season  has  been  ditch  construction,  about  V^  miles  having  been 
built.  One  ditch  taps  P^ldorado  Creek  at  a  point  1  mile  above  its 
junction  with  Telegram  Creek  and  leads  the  water  along  the  south 
wall  of  Iron  Creek  to  a  penstock  near  the  junction  of  Discovery  and 
Iron  creeks.  A  second  ditch  takes  water  from  Canyon  Creek  5 
miles  above  its  mouth  and  leads  it  along  the  east  wall  of  Iron  Creek, 


tlu'iife  follow iti*j  iho  hOtith  slope  of  ih^  valley  to  the  west  side  o: 
l)i^i<^(>vi'rv  (.'reek,  nltrng  whirh  il  rwm  southward  to  ii  point  2  miles 

iilKjVfi  tin*  month  of  tho  htreum,  where  it  crosses  and  extends  along^^ 
the  eust  side  of  the  valley  to  the  )ienstoek  previously  noted.  Anotherj 
ijik'h  on  the  nortli  side  of  Iron  Creeki  which  takes  its  wnter  from  tin 
jinietioii  of  IVle^am  and  Eldorado  creekss,  is?  uls^j  l)eing  eonytrueled 
by  the  sanm  conijjuny*  Between  sixty  and  (seventy  men  at  a  time 
hiive  U^en  t*rrjpIovt^d  in  the  eon  st  met  ion  of  these  diti*hes.  Ther  were 
not  completed  until  ihe  latter  ]>art  of  Septendx*r,  m>  that  water  for 
washing  the  gravels  wati  tivailnble  for  oidy  about  two  weeks*  Tht* 
i^round  t>p«*rHfet[  nt  present  hy  the  company  is  on  Iron  Crt***k  nt  llie 
mouth  of  Discovery  Creek,  A  hydraulic  elev^ator  lias  l>een  installed 
to  Inindle  the  fltjod-phnn  gnivels*  and  active  mining  o|}erationtj  will 
l)t*  conducted  during  the  roniing  year* 


■i 

il 


MtNtKG  ON    MAIN   STREAM. 


Between  Discov^erv  t/ivek  and  Left  Fork  on  Iron  Creek  there  ih  a 
fractional  claim  which  has  lK>en  worketl  fur  the  la^t  two  ^^ears  on  a 
small  scale.  From  one  to  five  men  have  been  employed  on  this  claim 
all  summer.  The  goUl  is  coarsen  and  easily  saved.  Both  rusty  anil 
bright  gold  are  found.  The  values  occur  in  a  thin  pay  streak  on 
1  i  u  I  est  ( ni  e  and  in  the  f  *T'a  ck  s  n  ti  d  e  Cf*  v  i  ccs  of  l  h  r  s  I  »ed  vov  k ,  l^he  sm  a  1 1 
amount  of  ground  in  this  claim  has  prevented  any  large-scale  dev^el- 
()j)m(Mits. 

At  the  jiiiiclion  of  Left  Fork  and  Iron  Crook  throe  mon  have  boon 
coiitiiiiionsly  oni])l()yo(l  nil  sunuiKM*  woi-king  ci'ook  gravels.  Tho 
motliod  of  woi'king  those  gravc^ls  h;is  boon  by  moans  of  a  biMl-rock 
(h'aiii  jind  sluice  Ijoxcs.  Scvcrjil  niiggots  worth  $'*U)  or  ^AO  oacl]  havo 
been  round  in  this  j)laci\  'Idio  l)o(l  i-ock  is  a  nuich  shattered  limestone 
witli  thin  bands  of  chloritio  schist  both  a])()vo  and  below  i^. 

A  shoi-t  (b>tanre  upstream  from  Loft  Fork  tlio  largest  nugget 
i'ecoi'de(l  fi'oin  Iron  CiHM'k  was  found.  This  nugget  weighed  ovov  '\0 
ounces  and  was  \abied  at  $(){)()  on  tho  assumption  that  tho  gold  was 
wortli  i^ls.;)()  Mil  ounce.  It  is  a  fact  of  some  significance  that  u]>- 
^treain  from  thi<  ])oint,  which  is  about  half  a  mile  a])ove  Jjcft  Fork, 
all  the  gold  is  iiisty.  \vhei-ea^  below  both  rusty  and  lu'ight  gold  occni*. 
'i'he  i-ea^on  for  the  absence  of  blight  gold  above  is  Ixdiovod  to  bo  ihat 
this  j)oint  marks  the  j)lace  where  tho  older  and  newer  valleys  merge. 
In  other  \\(H(ls,  uj)sti-eam  the  cr(H»k  flows  in  the  nearly  unmodified 
old  \allev,  while  downsti'oam  it  has  cut  below  that  level.  Tho  result 
of  the  down  cutting  l»a^  be(Mi  to  wear  some  of  tho  gold  and  oxj>oso 
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Between  Left  Fork  and  Iiildorado  Creek  only  one  camp  was  in 
operation  in  1906.  Five  or  six  men  have  been  at  work  at  this  place, 
but  as  it  is  understood  that  this  portion  of  the  creek  has  already  been 
worked  over  three  times  it  is  doubtful  whether  subsequent  work  will 
be  remunerative.  The  gravels  are  apparently  similar  to  those  already 
noted. 

Above  Eldorado  Creek  the  main  stream,  as  has  been  previously 
stated,  is  called  Telegram  Creek.  One  man  only  has  been  at  work  on 
this  stream  during  the  last  year.  This  claim  is  located  at  a  point 
about  a  mile  from  the  divide.  The  l)ed  rock  is  mostly  graphitic  schist 
with  some  thin  limestone  and  schist  bands.  Several  nuggets,  worth 
as  much  as  $100  apiece,  have  been  found  on  this  claim,  and  it  is 
reported  that  very  coarse  gold  is  found  even  on  the  crest  of  the  divide 
from  Willow  Creek.  The  water  supply  of  Telegram  Creek  is  small, 
especially  in  a  dry  year,  such  as  lOOf).  Often  this  lack  has  hindered 
or  in  large  measure  prevented  exploration  of  the  gold  gravels  that 
have  been  found  by  prospectors  in  this  part  of  the  Iron  Creek  basin. 

MINING  ON  TRIBUTARIES. 

On  the  tributaries  of  Iron  Creek  but  little  work  has  been  done. 
Bunny  Creek,  the  fifth  stream  which  enters  from  the  west  l)elow 
Canyon  Creek,  in  not  over  three-fourths  of  a  mile  in  length.  Two 
men  have  done  a  little  work  on  this  stream  last  summer,  but  it  prob- 
ably produced  not  more  than  $100  or  $200.  On  Bobs  Creek,  the  next 
small  stream  south  of  Bunny  Creek,  the  only  work  done  during  the 
last  season  has  been  on  the  upper  part.  This  claim  has  been  worked 
with  water  brought  over  the  divide  from  Willow  Creek,  the  first 
tributary  of  the  Kruzgamepa  east  of  Rock  and  Slate  creeks.  Consid- 
erable trouble  has  been  experienced  with  the  ditch,  as  a  large  part  of 
it  is  built  on  frozen  ground,  which  melts  under  the  water.  This  ditch 
carries  only  about  400  miner's  inches  of  water.  Even  this  small 
amount  is  more  than  is  yielded  throughout  the  season  by  Willow 
Creek,  and  it  is  proposed  to  extend  the  ditch  next  year  3  or  4  miles  to 
Slate  Creek. 

Easy  Creek,  which  enters  Iron  Creek  from  the  east  opposite  Bobs 
Creek,  has  shown  good  values  in  the  lower  portion.  Three  men  wero 
at  work  at  this  place  last  summer,  but  closed  down  ratlier  early  in 
the  season  owing  to  the  drought.  Little  more  than  assessment  work 
has  been  done  on  the  other  claims  along  Easy  Creek.  The  next  small 
stream  to  the  south  is  Lulu  or  Benson  Creek.  Four  men  have  been 
operating  on  this  creek  the  entire  summer.  On  Rapid,  Rocky,  and 
Rabbit  creeks,  the  three  other  small  tributaries  of  Iron  Creek  from 
the  west  below  Canyon  Creek,  little- more  than  assessment  work  has 
been  done  during  the  last  season,  although  they  are  completely  staked. 
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Except  on  Canyon  Crook,  no  work  liaj*  been  dont*  on  any  of  tl: 
Iitr^tH-  tributaries  of  Imii  Cnn^k,  On  n  lit! It*  triliuUirv  of  CsmyoD 
C[H.H»k,  called  El  Patron  (Veek,  al.*out  ;J  inilca  abov*^  Ui<*  junction  wi 
Iron  Cri*<?k,  one  man  has  bwtMi  iii  work  al)  summer.  However^  but 
vmy  little  gold  has  hpen  produced,  owing  to  the  hn-k  of  water.  It  Ib 
expected  that  with  the  r'ntnplelion  of  the  Canyon  Creek  ditch,  water 
may  be  purchased,  so  that  work  will  Iw  pushed  with  greater  activity 
in  this  coming  summer* 

In  summarising  the  Iron  Civek  region  it  nuiy  Ix*  said  t!iat  the  gfdd 
h  mostly  coarn*^  and  easily  saved;  t!iat  it  has  l>een  derived  from  a 
rehitively  h.>cal  source;  that  water  for  the  economic  development  of 
the  placers  is  at  hand;  and  that  the  questions  of  freighting  and  transs- 
portation  arc  rapidly  being  effectively  and  satisfactorily  settled. 
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Limeatone-flcfaist  contacts,  mineralization 

at 121-122,132 

Ldndblom,  E.  O.,  gold  discoverd  bj' 1«,  17 

lindblom  Creek,  gold  on 196 

Lindeberg,  Jafet,  gold  discovered  by 16 

letter  from lfr-18 
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Lophospira,  occurrena^  of 7').  76 
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Lowlands,  description  of 44-48 
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Marbles,  occurrence  of 74 

Maaoot  Oulch.  gold  of 315, 320 
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Mendenhall,  W.  C,  on  Fish  River  gravels . .       90 

on  granite  occurrences 100 
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Mordaunt,  A.  P.,  gold  discovered  by 15, 17 

Mountain  Creek,  placers  on 212,214 

Mountains,  description  of 44 

Mud  Creek,  placers  on 240 

Mukachami  Mountain,  character  of 102 

Mystery  Creek  (of  Niukluk  RivoD,  placers 

on 240 
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Navigation,  close  of .'»3-.'»4,'59-60 

Nelcula  Oulch,  placers  on 200, 201, 205 
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development  of \ 149 
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Sre  also  Nome  group. 
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Streptelasma.  occurrence  of 75 

Striatopora,  occurrence  of 75,76 

Stromatooerium  rugosum,  occurrence  of  . . .       78 

Stromatoi)ora  sp.,  occurrence  of 75 

Structure,  discussion  of 113 

relation  of  gold  and 113-114, 121-123 

Sugar  mine,  description  of 204-205 
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Telegraph  line,  construction  of 13 

TeUer,  description  of 58, 260-270 

Temperature,  records  of 51-52 

Thompson  Creek,  valley  of,  view  of 58 

Timber,  character  of 54 

Tin,  occurrence  of 11, 33, 38, 104, 105, 135, 140 

relations  of  granitic  rocks  and 104-105 

Tisuk  Creek,  description  of 49 

placers  on 220 

Tomboy  Creek,  placers  on 219 

Topographic  provinces,  description  of 45-48 

Topography,  outline  of 41-50, 

93, 111-112, 146-147, 2a^297 

TomenMs,  John,  prospecting  by 16 

Towns,  descriptions  of 57-50 

Transportation,  means  of 58-60 

Travel,  cost  of 60 

means  of 59-12 

Trilby  Creek,  placers  of 215 

Trochonema,  occurrence  of 78 

Tubutullk  River,  description  of 48 

Tundra,  description  of 65-56 

Typhoid,  oocurrenoe  of 24 


U. 

Page. 

Ulrich,  E.  O.,  fossils  determined  by 78-79 

Union  Gulch,  placers  of 173 

Uplands,  description  of 44-48 

V. 

Valley,  tjrpical,  view  of 58 

Vegetation,  character  of 54-56 

distribution  of,  map  showing. 55 

Venetia  Creek,  placers  of 221-222 

Volcanism,  prevalence  of 101 

W. 

WaUcer,  Frank,  gold  found  by 288 

Warm  Creek,  placers  on 255-256 

Washington  Creek,  placers  of 216 

Water,  scarcity  of 29,31,34 

Waves,  concentration  of  gold  by 154-155 

Weathering,  processes  of 125-127 

West  Creek,  placers  on 226 

Willow  Creek,  placers  on 267-268 

Wilson  Creek,  placers  on 265 

Windy  Creek,  placers  on 308, 320-321 

Winter  mining,  inception  of 29 

Witherspoon,  D.  C,  work  of 7,8 

Y. 

York,  profile  of  coast  line  at 47 

York  district,  description  of 59 

gold  of 269 

yield  of 28 

mineralization  in,  character  of 117-118 

organization  of 23 

slates  of 70,79-80 

tin  in 27,33,38 

York  Mjoun tains,  description  of 46-47 

Z. 

Zones,  impregnated,  character  of 118-119 

character  of,  figure  showing 292 
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[Arranged  geographically.     A  cxjmplete  list  can  be  had  on  application.] 

All  of  these  publications  can  be  obtained  or  consulted  in  the  following  ways: 

1 .  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  fn)ni  whom  they 
c?«Mi  be  obtained,  free  of  charge  (except  certain  maps),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress  for 
<1  xstribu  tion . 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
I^  -  C,  from  whom  they  can  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
lil^raries  throughout  the  United  States,  where  they  can  be  consulted  by  those  interested. 

GENERAL. 

'-■-"^e  jzeography  and  geology  of  Alaska,  a  summary  of  existing  knowledge,  by  A.  H. 
Srooks,  with  a  section  on  climate  by  Cleveland  Abbe,  jr.,  and  a  topograpnic  map 
,^  and  description  thereof,  by  R.  U.  Goode.  Professional  Paper  No.  45, 1906,  327  pp. 
-*^acer  mining  in  Alaska  in  1904,  by  A.  H.  Brooks.  In  Bulletin  No.  259, 1905,  pp. 
•^^         18-31. 

Tlie  mining  industry  in  1905,  by  A.  H.  Brooks.     In  Bulletin  No.  284,  1906,  pp.  4-9. 
The  mining  industry  in  1906,  by  A.  H.  Brooks.     In  Bulletin  No.  314,  1907,  pp.  19-39. 
«^ulwa)r  routes,  by  A.  H.  Brooks.    In  Bulletin  No.  284,  1906,  pp.  10-17. 
-A^dmimstrative  report,  by  A.  H.  Brooks.    In  Report  on  prowess  of  investigations  of 

mineral  resources  of  Alaska  in  1904:  Bulletin  No.  259, 1905,  pp.  13-17. 
-A^dnainistrative  report,  by  A.  H.  Brooks.     In  Report  on  progress  of  investigations  of 

mineral  resources  of  Alaska  in  1905:  Bulletin  No.  284, 1906,  pp.  1-3. 
-A^dministrative  report,  by  A.  H.  Brooks.     In  Report  on  progress  of  investigations  of 

mineral  resources  of  Alaska  in  1906:  Bulletin  No.  314,  1907,  pp.  11-18. 
-Notes  on  the  petroleum  fields  of  Alaska,  by  G.  C.  Martin.     In  BiUletin  No.  259,  1905,, 

pp.  128-139. 
*«e  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River 
^      coal  deposits,  by  G.  C.  Martin.    Bulletin  No.  250,  1905,  64  pp. 
JJwkets  for  Alaska  coal,  by  G.  C.  Martin.     In  Bulletin  No.  284,  1906,  pp.  18-27. 
^e  Alaska  coal  fields,  by  G.  C.  Martin.     In  Bulletin  No.  314,  1907,  pp.  40-46. 
^©tliods  and  costs  of  gravel  and  placer  mining  in  Alaska,  by  C.  W.  Punngton.    Bulletin 
No.  263,  1905.  362  pp.     (Out  of  stock;   can  be  purchased  from  Superintendent  of 
Documents,  Washington,  D.  C,  for  35  cents.)    Abstract  in  Bulletin  No.  259,  1905, 
pp.  32-46. 
"®^>graphic  dictionary  of  Alaska,  by  Marcus  Baker,  second  edition  by  J.  C.  McCor- 
mick.    Bulletin  No.  299,  1906,  690  pp. 

Topographic  map. 

-^^^ska,  topographic  map  of;  scale,  1: 2500000.     Preliminary  edition  by  R.  U.  Goode. 
OontameKl  m  Professional  Paper  No.  45.     Not  pu))lished  separately. 

Jn  preparation. 

^^thods  and  costs  of  gravel  and  placer  mining  in  Ala^ska,  by  C.  W.  Purington.     Second 

edition. 
Mpof  Alaska  showing  distribution  of  mineral  resources;  scale,  1:5000000;  by  A.  H. 
Biooks. 

SOUTHEASTERN    ALASKA. 

Fkdiminary  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory^ 
sketch  of  the  geology  of  southeastern  Alaska,  by  Alfred  H.  Brooks.  Professional 
P!aper  No.  1,  1902,  120  pp. 
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The  Porcupine^  placer  district*  AWksi,  by  C.  W.  Wright .  Bulletin  No.  236, 1904.  S5  pp. 
Tilt*  Treatlv*?!!  ore  depomts,  by  A.  i\  Spencer  In  Bu]b.4in  No.  250,  nm.  pp.  fifl^T, 
ICorinomic  devt4opmont>*  In  i«nitliea«i<^m  Alafik^,  by  F,  K-  and  i'\  W.  Wnght,     la 

Bulktin  No.  2m,  KK)5,  pn.  47-f;H. 
Th<?  Jnn^au  gold  UAu  AUiska^  by  A.  C.  Spencer,  pp.  1-137,  and  A  reconoaissanee  o( 

Aclmimlty  Inland,  Ala*»ka,  by  0*  W.  Wright,  pp,  13&-1.54,    BuJletin  No,  2S7, 

1906,  Ifil  pp. 
J/ic3<»  niming  in  mmtbeafitem  Al^ka,  by  F.  E.  a.nd  C.  W.  Wright.     In  Bulletin  Ko. 

284,  l9(Mi,  pp.  110^3, 
Nrnimt?ttiIIic  dep^eiti^  of  siJuLlii^rtrtU^ru  Alaska,  by  C,  W,  Wright.    In  Bulletin  2S4, 

B>mj,  ppu  &4-tiO. 
ThH  YftkutaL  Bay  n^on*  by  R.  S.  Tarr.     In  Bullofin  X.i.  284,  1906,  pp.  Gl-^.  j 

liCdlc  mininjc  in  pimtht^atfteni  Aliuiika*  by  i\  W*  Wright.    In  BnUf'tin  ?fo,  31 -l,  1907,      I 

pp.  47-72.  1 

Nni!mf*ta,lUfoRiu!i  nuncral  r(w>nrceB  of  puntlit^asterii  Alaefca,  by  C.  W,  Wright.     In 

BuU^4in  No.  314,  1907.  pp.  73^1, 
Rf^fiinnaiaaancf^  on  the  Pacihc  eoa^t  fn_nii  Yaknrjit  t/i  Alsek  River,  by  Kliot  BW*k- 

wdJer.     In  Bullyfin  No.  314,  lfM)7,  pp.  H2-SH. 

Topofjuiphic  »wip», 

J  nnpittU  Spet'inl  quadnmglc;  pcale,  1 :  fl2500:  by  \V,  J*  Pet4*rti*     For  iale  at  5  contA  tm^i^ 

or  $3  per  bnntlr^^fl. 
Tiifvi^raphk-  niap  of  th**  Juneau  gohl  belt,  Alnska.     (Vintain^d  in  Bulletin  2)47.  PImo 

XXXV 1 ,  mm.     Not  iasued  tM^parately. 

In  prfparolUm. 

Report  (Hi  progrefls  of  iiivesligations  nf  mineral  rei*onrceB  of  Ahwka  in  lfl07,  by  Alfred 

IL  lirwaks  and  othen*.     19(18.    —  pp.,  —  pl^. 
Phyrtiograpby  and  glar-ial  gt^ilogy  t>f  the  Yakntat  Bay  region,  Alaska,  by  R,  S.  Tarr, 

wilb  ii  t-lmpMT  en  the  bwl-rock  ge<jkigy  by  H.  S.  Tair  and  B.  B.  Bulh*r. 
The  Ketchikan  and  Wrangoll  mining  distnctfl,  Alaska,  l>y  F.  E.  and  C.  W.  Wrights 
BemetT^  Bay  Rpeeia!  niap:  scale,  1:12500:  by  R.  B.  Oliver.     (In  pm*.) 
KLL^LiLin  Priiiii'^nla  S|m  riid  niup:seixlr,  l:ft25(K'l;  hy  T>,  i\  Withf  rspv>n  ;irn1  J.W.Biig^ley 


(ONTUOLLKR      JiAV,      PKINC'E      WITXIAM      SOUND,      AND     COPPEK      KIYEK 

REGIONS. 

'I'lic  minoral  resources  of  the  Mount  W'rnuiri'll  district,  Ah\ska,  l)y  W.  (\  Mtnideuluill. 
Pn»l"essional  Paj)er  Xo.  IT).  \\){):\,  71  pp.  Contains  uMMU'ral  map  ol  Prince  William 
Sound  and  ("oj)per  iiivcr  rc^^non;  scale,  12  miles  =^  1  inch.  (Out  ol"  stock;  can  he 
purchased  from  Sujx'rintendent  of  Documents  for  ',\0  cents.) 

iJcrinti:  Kiver  c.al  lield,  l)y  G.  (\  Martin.     In  Bulletin  N(^.  251),  11)05,  p]).  140-150. 

<ai)e  YaktaL:  placers,  l)y  ('l.  (\  Martin.     In  Bulletin  Xo.  251),  11)05.  pj).  SS-Sl). 

Xotes  on  tlic  petroleum'  fields  of  Alaska,  hv  (I.  ('.  Martin.  In  Bulletin  No.  251),  11)05, 
PJ).  I2S    i;;i).      Al>stract  from  P.ulletin  Xo.  250. 

The  |)etroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  a<"counl  of  the  Bering  Riv<'r 
coal  dejx.sits,  hyi;.  ('.  Martin.      Hulletin  Xo.  250,  11)05,  (14  })p. 

(ieoloo;\-  of  the  central  Copper  Iliver  re.i:i<'n,  Alaska.  1>\'  W.  C.  Mendenhall.  Profes- 
sional Paper  X<».  11,  l!)05.  i:;:;  j.p. 

(  opper  and  other  mineral  ri'S(turces  of  Prince  \\  illiam  Sound,  hy  V .  S.  (Irant.  In  Bul- 
letin Xo.  2S1.   lIMMi.  pp.  7S  S7. 

I  )istrii)ut  ion  and  cliaracter  of  the  i'eriuL,'  l{i\('r  coal,  hy  (1.  <  \  Martin.  In  Bullet  in  No. 
2S1.   IDOi;.  pp.  (15  7(1. 

IN'troleum  at  Controller  Bay,  hyO.  C.  >hutin.     In  Bulletin  No.  314,  1907.  pj).  S!)    lOih 

(ieolo<j:v  and  mineral  r<'Sources  of  Controller  Bav  region,  hv  (J.  C.  ^hirtin.  lUdletin 
X(i.  ;>;;5.  IDOS.  —  pp. 

lOjxxjrap/Hr  iiki /is. 


Map  of  Mount  Wrangell;    scale,  12  milcf 


1  inch.     Contained  in  Professional  Paper 


BEOENT   SURVEY    PUBLICATIONS   OF   ALASKA.  Ill 

In  preparation. 

The  Kotfiina-Chitina  copper  region,  by  F.  H.  Moffit. 

Chitina  quadrangle  map;  scale,  1:250000;  by  T.  G.  Gerdine  and  D.  0.  Witherspoon. 

Controller  Bay  region  Special  map;  scale,  1:62500;  by  E.  G.  Hamilton.    C'ontained  in 

Bulletin  335. 
General  map  of  Alaska  coast  region  from  Yakutat  Bay  to  Prince  William  Sound ;  scale, 

1: 1200000;  compiled  by  G.  C,  Martin.    Contained  in  Bulletin  No.  335. 

COOK   INLET   AND   SUSITNA   REGION. 

The  petroleum  fields  of  the  Pacific  cx)ast  of  Alaska,  with  an  account  of  the  Bering  Rivor 

coal  deposits,  by  G.  C.  Martin.     Bulletin  No.  250,  1905,  64  pp. 
0»1  resources  of  southwestern  Alaska,  by  R.  \V.  \^Ume.    In  Bulletin  No.  259,  1905, 

pp.  151-171. 
Gold  placers  ofTumagain  Ann,  C<K)k  Inlet,  by  F.  H.  Moffit.    In  Bulletin  No.  259, 

lS05,  pp.  90-99. 
Mineral  resources  of  the  Kenai  Peninsula;  Gold  fields  of  the  Tumagain  Ann  region,  by 

F.  H.  Moffit,  pp.  1-52;  Coal  fields  of  the  Kachemak  Bav  region,  by  R.  W.  Stone, 

pp.  63-73.    Bulletin  No.  277,  1906,  80  pp. 
Preliminary  statement  on  the  Matanuska  coal  field,  by  G.  C.  Martin.    In  Bulletin  No. 

284,  1906,  pp.  88-100. 
A  reconnaissance  of  the  Matanuska  coal  field,  Alaska,  in  1905,  by  G.  C.  Martin.    Bulle- 
tin No.  289,  1906,  36  pp.     (Out  of  stock;  can  be  purchaseil  of  Superintendent  of 

Doctunents  for  25  cents.) 
Reconnaissance  in  the  Matanuska  and  Talkeetna  basins,  ])y  S.  Paige  and  A.  Knopf. 

In  Bulletin  No.  314, 1907,  pp.  104-125. 
Geologic  recx)nnaissance  in  the  Matanuska  and  Talkeetna  ])asins,  Alaska,  by  S.  Paige 

and  A.  Knopf.     Bulletin  No.  327,  1907,  71  pp. 

Topographic  maps. 

Kenai  Peninsula,  northern  portion;  scale,  1:250000;  by  E.  G.  Hamilton.  Contained 
in  Bulletin  No.  277.     Not  published  separately. 

Reconnaissance  map  of  Matanuska  and  Talkeetna  region;  scale,  1:250000;  ])y  T.  G. 
Gerdine  and  R.  H.  Sargent.  Contained  in  Bulletin  No.  327.  Not  i)ubli8hed 
separately. 

Mount  McKinley  region;  s(?ale,  1:625000;  by  D.  L.  Reaburn.  Contained  in  Profes- 
sional Paper  No.  45.     Not  published  separately. 

ALASKA    PENINSULA    AND    ALEUTIAN    ISLANDS. 

Gold  mine  on  Unalaska  Island,  by  A.  J.  Collier.     In  Bulletin  No.  259,  1905,  pp.  102-103. 
Gold  deposits  of  the  Shumagin  Islands,  by  G.  C.  Martin.     In  Bulletin  No.  259,  1905, 

pp.  100-101. 
Notes  on  the  petroleum  fields  of  Alaska,  by  G.  C.  Martin.    In  Bulletin  No.  259,  1905, 

pp.  128-139.    Abstract  from  Bulletin  No.  250. 
The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River 

cool  deposits,  by  G.  C.  Martin.    In  Bulletin  No.  250,  1905.  VA  pp. 
Coal  resources  of  southwestern  Alaska,  by  R.  \V.  Stone.    In  Bulletin  No.  259,  1905. 

pp.  151-171. 
The  Herendeen  Bay  coal  field,  by  Sidney  Paige.     In  Bulletin  No.  284,   1906,  j)p. 

101-108. 

YUKON    BASIN. 

The  coal  resources  of  the  Yukon,  Alaska,  by  A.  J.  Collier.     Bulletin  No.  218,  1903, 

71pp. 
The  gold  placers  of  the  Fortymilo,  Birch  Crock,  and  Fairbanks  regions,  by  L.  M.  Prin- 

dle.    Bulletin  No.  251,  1905,  89  pp. 
Yukon  placer  fields,  by  L.  M.  Prindle.     In  Bulletin  No.  284,  1JK)6,  pp.  109-131. 
Reconnaissance  from  Circle  to  Fort  Hamlin,  by  R.  W.  Stone.     In  Bulletin  No.  284, 

1906,  pp.  128-131. 
The  Yukon-Tanana  regicm,  Alaska;  description  of  the  Circle*  quadrangle*,  by  L.  M. 

Prindle.     Bulletin  No.  295,  1906,  27  pp. 
The  Bonnifield  and  Kantishna  regions,  by  L.  M.  Prindle.     In  Bulletin  No.  314,  1907, 

pp.  205-226. 
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Tho  C'iT^lo  Pn^t'iJit^t,  AJaskn,  by  Alfrt»d  K.  Bnxifos,     In  Bullcdiu  No,  314,  1007, 
1S7^204. 
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Fdrtymlk*  quiidninj^lt':  st-aiiv  1 :25<^KKh  hy  K.  (V.  BsimdnL     Frir  anli*  at  5  rfnta  &  cop 

nr$:l  ptT  hiindrf^d. 
Vnkun-TitnaniT.  rci^ttm,  r+ fMiimaiBsanfe  ump  of;  efali",  ]:fi25O0O;  by  T.  0*  Orttlitir. 

t.V> n t a i  n tH  1  in  H u  11 1^ <  i n  N i  ^  25 1 ,  1 1105,     N*  it  p i j  bl  iab <  u  1  ai^pamtv I >' .  ^^ 

Fairbttiiksajui  Hircli  rn^^k  dteilrU'K rommuuBMiairt*  iuwp**ttf;  *w*ul*%  J: 250000:  Ijy  T,  Cij^H 

<iirdint'.     r!int»u»i'd  in  Bulletin  Nd.  251,  I1K>5.     Not  isstiod  m'paratrly*  ^H 

Cir*li5  i|uiMlran|:b\   Yukdn'Tiinauft  i^^inn;  s^Hle,    h2fj(KKK>:  by  D.  *'.  Wiifit'raptir>ii,       ' 

iVmUdnt'd  iii  iVull<*lin  Nil  21*5.     Not  iMnm^d  wtvi^^^^^'b* 

In  jrrtpmidioji, 

\Vatt^r'»upply  iiw€«tigationft  in  Alaaka*  ItWit  ainl  ISKI7,  by  F*  F.  Henahaw  a 

Covert. 
Fairbanks  quadranijlo  niitp;  e^'abs   h250lXK>;  bv  P»  C,  Witlii>si!poafi.     Containeti 

BullHin  Ku.  3117.  Hum. 
liammrt  qutulpan^lo  map;  twiib*,  1:250000;  by  D,  0,  Withi^ispinpn.     Contaiixed 

nidletin  Ko.  337,  19fB. 
[*idrl*»nks  Special  map;  flcab%  1:6^IK)0:  by  TA].  OordLne  and  R*  H,  Rwr^Tit. 


REWARO    PENINHDXA. 

A  fiTdnniiiBaanni'  of  tlio  Oapt'  Nunir*  aiitl  atljaii-nt  nvjJd  fti'lda  ipf  H^'ward  Pt^niitpuli 
Alaska,  in  llKK).  by  A.  11.  BriKik^,  G.  1).  Riitliardwjiu  siud  A.  J.  (*tilli(*r.     In  j 
ttptH'ial  publication  mtitbsl  '  R*Hxinnas*«anr*^  in  the  Cap<*  Koui**  tind  Nort^>n  FlaJ 
r*»gion.%  Alaska,  in  1900/'  11K11,  \m  pp. 


A  rt*eannai»»ance  in  the  Norton  Bay  rejirion,  Alaska,  In  1900.  by  W,  C.  Mendenball * 
In  a  f^pf^cifil  pnhlii-ition  *Tititl[  d   '  RcfVkiiiinL'^r^ii 
Hay  rcgioTLs,  Alaska,  in  1900." 


[inf*'H  ill  tlio  Ca|n*  K*>nie  oriil  Xi^rTnii 


A  reconnaissance  of  the  iiortliwcstern  portion  of  Seward  Peninsula,  Alaska,  bv  A.  .1. 

('<.llier.      Pr()fessi,,nal  Paper  No.  2,  1902.  70  pp. 
'I'll.'  tin  (l.jx.sils  of  the  V(.rk  r(<:ion.  Alaska,  bv  A.  .1.  Collier.     Pnlletin  No.  229,  1901. 

•  il  pp. 
Ivicent  (le\clopnienl,s  ol  Alaskan  tin  di-posits.  l»v  A.  .).  ("oilier.     In  Pnlletin  No.  2.')!l. 

1905.  pj).   120-127. 
TIh-  Fairhav.-n  ^^'(.Id  placers. .i"  Seward  Peninsnla,  bv  l'\  11.  Moflit.     Pullelin  N(».  2-17. 

l9o:).  s:>  j.p. 
'IMie  York  tin  region.  I.y  V.  L.  Iles.s.      In  liulletin  No.  2S1.  190(1,  ]>]).  14r>-ir,7. 
(;<.1(1  nuniniron  Srward  Peninsnla.  1)V  \\  W.  Moflit.      In  l^nllMin  No.  2S-1,  l<)0(i    p]> 
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Nome  Special,  Seward  Peninsula;  scale,  1:62500;  by  T.  G.  Gerdine. 

SolomoD. Special  quadrangle,  Seward  Peninsula;  scale,  1:62500;  by  T.  G.  Gerdine. 

TheJoUowing  maps  are  for  sale  at  25  cents  a  copy,  or  $15  per  hundred : 
Seward  Peninsula,  northeastern  portion  of,  topographic  reconnaissance  of;  scale, 

1:250000;  by  T.  G.  Gerdine. 
Seward  Peninsula,   northwestern  portion  of,   topographic   reconnaissancte  of;  scah', 
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Seward    Peninsula,    southern    portion    of,  topographic    reconnaissance    of;  scale, 
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Water-supply  investigations  in  Alaska,  1906  and  1907,  by  F.  F.  Htmsliaw  and  0.  C. 
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No.  10,  1902,  68  pp. 
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Coal  fields  of  the  Cape  Lisburne  region,  by  A.  J.  Collier.     In  Bulletin  No.  259,  1905, 
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Fort  Yukon  to  Kotzebue  Sound,  reconnaissance  map  of;  scale,  1:625000;  by  D.  L. 

Reabum.     Contained  in  Professional  Paper  No.  10.     Not  published  separately. 
Koyukuk  River  to  mouth  of  Colville  River,  including  John  (liver;  scale,  1:625000; 

by  W.  J.  Peters.     Contained  in  Professional  Paper  No.  20.     (Out  of  stock.)     Not 

published  separately. 
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